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INTRODUCTION 
The primary goal of this developmental investigation of memoric 
structures and processes was to integrate cognitive and developmental 
constructs. Contemporary psychological research delegates high priority 
to the memory construct. This construct has developed from a large, 
loosely defined sub-domain of observables included within the more 
generic learning domain (e.g., amount retained •= amount learned - amount 
forgotten) to a tightly defined domain of variables (e.g., sensory 
storage, short- and long-term memory structures; physical signal 
transformation, feature extraction, and labeling control processes). 
It appears, however, that developmental!sts have not yet recognized 
the importance of research associated with such construct explication. 
The lack of developmental analysis in memory research and theory has 
been discussed in Reese and Lipsitt's (1970) recent review of 
experimental child psychology: 
It is rather surprising to find that most child 
psychologists have a marked lack of interest in most of the 
problems of memory that have been attracting the attention 
of so many other researchers in the past few years. 
Only a few studies of retroactive and proactive inter­
ference in children have been reported ... Nor have researchers 
working with children shown much interest in short term 
memory, despite the fact that results ... showed that 
research in this area is feasible with preschool children 
and that differences in short term memory of children 
and adults may exist (p. 218). 
The lack of developmental analysis for the memory construct is 
implicitly recognized in the most recent Developmental section of the 
Annual Review of Psychology» Elkind and Sameroff (1970), limiting 
their review to "highlight the directions in which research and theory 
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seem to be moving" (p. 191)» discussed approximately 40 research 
areas associated with developmental psychology. Memory was not 
included. 
The omission of a developmental framework has resulted in a static 
orientation to the memory construct. Present memory models are referred 
to as static because most research projects employ young adults 
(specifically0 college students). Obviously, this practice (although 
economical) jeopardized the external validity (generalizability) of 
the research J and perhaps more crucial, confounds the task of construct 
explication. 
One implication of the static memory construct criticism is that 
neither developmental nor memory orientations present an adequate model 
of human behavior. That is, both orientations have serious deficiencies. 
It is proposed that an integration of the two disciplines will result 
in a more comprehensive model of human behavior. This integrated model 
should also prove useful in further developmental and memory construct 
explication. In the following paragraphs, an attempt will be made to 
justify the above claim of deficiencies in both developmental and 
memory models. Finally, a remedy for such deficiencies will be 
presented within the more general domain of information theory. 
Review of the Literature 
Static memory models 
Before elaborating on the lack of developmental analysis in 
memory orientations, it should be noted that memory theorists do not 
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completely avoid the issue of behavioral change over time. In fact, 
time is an inherent dimension within the memory construct. Memory, 
whether discussed in terms of associations^  clusters, habit-family 
hierarchies, ideas5 schemata, storage, or traces, is perhaps most 
simply regarded as an individual's record (remembrance) of past events. 
In elementary terms, the memory researcher is primarily interested 
in "how" and/or "how much" information is remembered by an individual 
in specified sitimtions (Trial N) over specified time intervals (Trial 
N + 1), It has been noted elsewhere, however, that time itself is not 
a relevant causal variable (Bijou, I968; Riegel, 1968). McGeoch's 
(1932) classic attack on Thorndike's Law of Disuse (trace decay theory) 
was an early critique of the time dimension. McGeoch pointed out that 
time in itself does not cause anything; rather, events happen in time. 
It may be argued then, that time does provide a dimension in which 
critical and analysable variables can be compared; time makes possible 
the study of behavioral change. It follows that students of behavioral 
change are interested in organ!smic processes which take place over 
time, and not in time per se. 
How is it possible to refer to contemporary memorj'- models as 
static if the time dimension is an inherent aspect of the memory 
construct? The answer is quite simple. Models of memory are static 
because developmental analysis is not an explicit model requirement. 
That is, only minor portions of research and theory center on the 
possibility of change in memory structures and/or processes through the 
life span. The memory construct, in conjunction with other classic 
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psychological constructs (e.g», learning# perception), notably excludes 
a developmental framework. Several methodologists (Birren, 1970} 
Wohlwill, 1970)5 emphasizing the importance of life span research, 
have demonstrated that construct explication based on restricted age 
samples results in limited construct utility» 
Most students of memoric processes incorporate the following 
static psychological "laws" (Spence, 1944) into their concepts: (a) S-R 
laws (expressing response variables as functions of stimulus variables); 
(b) S-S laws (expressing correlations between response variables); 
(c) S-I laws (enabling values of intervening variables to be deduced 
from values of stimulus variables); (d) I-R laws (enabling values of 
intervening variables to be deduced from values of response variables); 
and (e) SI-R laws (enabling values of intervening variables to be 
deduced from values of specific response and general organ!smic variables). 
Berlyne (I966), recognizing the importance of descriptive developmental 
research, suggests two additional laws; (f) A-R laws (expressing the 
incidence of various behaviors at various ages); and (g) SA-R laws 
(expressing response variables as functions of specific stimulus and 
organismic variables). 
Although several developmental analyses have been attempted for 
learning (Gagne, I968; Fowler, I967, 1970) and perceptual (KacFarland, 
1967) constructs, there has been little developmental emphasis 
in delineating confounded treatment effects in memory research* 
As discussed previously, early models of memory (qualitative and 
quantitative) were incorporated into more formal representations of 
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various learning theories (see Kintsch, 1970, and Underwood, I969, for 
contemporary discussions of memory models with primary emphasis on 
learning theory)» Hecent contributions in the area of memory (e.g., 
computer models, information processing, mathematical learning theory, 
memory storage systems 3 signal detection theory) have stimulated much 
research and aided in the task of construct explication. These 
contributions, however* have not dealt with the relationship of 
developmental principles to cognitive processes. 
The construct of development 
Memory theorists are not solely to blame for purporting static 
cognitive models» Developmentalists, with their poorly operationalized, 
qualitative concepts and pre-experimental designs, have not offered 
realistic models to more experimentally oriented students of human 
behavior. The development construct, like the concept of time, is 
ambiguous, Harris (1957), one of the first developmentalists to 
recognize the many alternative definitions of the construct, attempted 
to formulate a scientific concept of development which incorporated 
the following essential ideass (a) organism conceived as a living 
system; (b) time; (c) movement over time toward complexity of 
organization; (d) "hierarchization" or the comprehension of parts 
or part-systems into larger units or "wholes"; and (e) an end state 
of organization which is maintained with some stability or self-
regulation. Subjecting developmental psychology to a philosophy of 
science analysis, Nagei (1957) points out that the concept is one with 
protean meanings — sometimes employed to connote a process (description), 
sometimes the product of a process (eulogistic label). 
6 
Following Nagel, the development construct incorporates a 
minimum of two componentss (a) "the notion of a system [animal, 
machine, social] possessing a definite structure [physiological states, 
'hardware', institutions]; and (b) the notion of a sequential set of 
changes in the system, yielding relatively pernanent "but novel 
increments not only in its structure but in its modes of operation as 
well" (p. 17)« Concerning the animal system, however, Rlegel (1968) 
reports a major dilemmas "In spite of all the records collected, 
developmental scientists have not provided an answer to the question of 
why organisms grow and age" (pp. 5~6). Although most developmentallsts 
accept the notions of system and change within the developmental 
construct, specific factors of development are difficult to delineate. 
In a recent review, Fowler (1970) notes that the interaction!st 
theory is the most general prevailing conceptualization of development 
(mental and physical pheno-types)» Thus, phenotypic development is 
regarded as a "joint product of the cumulative interaction of 
biological (including genetic) and environmental forces" (Fowler, 
1970, Pc l4l)« This view of development rejects the dominance long 
ascribed to either genetic or environmental factors alone0 A major 
problem for developmental psychologists, however, is clearly detected 
in discussions of specific rather than general influences on development. 
That is, what changes (structure and/or process) occur as the organism 
ages? Answers from developmentallsts are vagues e»g., (a) mature 
physiologically (G» S, Hall, Geseil); (b) progress through stages 
(Bruner, Langer, Piaget, Werner); (c) accumulate higher-order 
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capabilities (Bijou, Fowler, Gagne, Jensen). Bijou (1968), although 
erroneously excluding his own operant - respondent learning model, 
cautions the developmentalist's use of large, loosely defined constructs. 
Referring specifically to theorists employing stages of development, 
Bijou argues against labeling stages with hypothetical constructs. 
All too often, he claims, stage theorists attempt to explain behavior 
in terms of hypothetical constructs and environmental events. Riegel 
(1968), discussing the methodology of developmentalists and historians, 
has also subjected stage utilization to critical review, Piaget, 
perhaps the most dominant contemporary theorist in developmental 
psychology, has been subjected to much criticism concerning the use of 
hypothetical "mental" constructs. 
Bijou and Riegel's criticisms of stage may be disregarded if this 
term is viewed as a generic dependent variable. That is, associated 
characteristics are incorporated as referents of a given stage. The 
following doggerel by Van Den Daole (1969) indicates the relationship 
of various terms that may be classified as generic dependent variables: 
Milestones, phases, and ages 
render general gauges 
%ile periods, levels and stages 
require pages and pages ... 
(p. 303) 
Van Den Daele, employing the logic of set theory, suggests that the 
above terms (designating developmentally ordered characteristics) 
correlate with the initial step of developmental construct explication. 
That is, an appropriate strategy for general and comprehensive 
representation of behavioral change includes the following steps; (a) 
identification of obvious characteristics that distinguish the 
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subject(s) developmentally; (b) identification of empirical 
consistencies associated with characteristics of interest (revision of 
step a if new relationships emerge); and (c) translation of steps 
a and b into a more general representational system (e,g», logical 
algebraic representation)o Van Den Daele notes that following the above 
strategy leads to "more comprehensive, yet precise descriptive -
theoretical statements" (p. 304), It is presently suggested that 
developmental designs (pre-experimental and experimental) provide a 
valuable methodological model for Van Den Daele's behavioral change 
strategy. That is, normative (descriptive) data supplies the 
developmental!st with specific interdependent characteristicso As 
implied previously, descriptive behavioral change research is also 
important to the experimentalist. That is, such research emphasizes 
organismic change and aids in unconfounding (a) cohort„ (b) time of 
measurement, and/or (c) age effects from experimental treatment (e.g., 
classic memory variables) main effects. 
Information theory and its relationship ^  behavioral models 
Information theory is regarded here as an arithmetical representation 
of both developmental and memory theories (see Brodbeck, I968), In 
fact, present cognitive theories (e.g., developmental!sts Bruner and 
Piaget; memory theorists Atkinson* Broadbent, and Norman) have borrowed 
much from information and cybernetic models (Antrobus, 1970)» It is 
suggested then, that the criticism of static memory models (i.e., lack 
of an explicit developmental framework) will be avoided by research 
and construct explication directed by psychological applications of 
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the information model» Since information processing is an ambiguous 
construct, a brief summary of classical information theory will be 
presented. General psychological applications of information theory 
will also be discussed, followed by an attempt to integrate the 
developmental and memory constructs within the more generic information 
construct. 
Information theory (branch of probability theory) originated with 
Shannon's (19^ 8, 19^ 9) contributions to the mathematical theory of 
communication. Shannon's papers dealt with carriers of information 
(i.e., symbols) and not with information itself. That is, Shannon 
was concerned with communication and means of communication rather than 
the ambiguous end product of communication —• information. Classical 
information theory deals with fundamental properties of symbols used 
to transmit information. Further, the target symbols must obey certain 
laws if they are to be capable of transmitting infornacion. Reza (1961) 
notes that information theory has a physical origin; i.e., it was 
developed by communication theorists interested in the statistical 
structure of electrical communication hardware. Applications of 
information theory followed in areas associated somehow with "communication", 
such as pure mathematics, radio, television » radar, psychology, 
semantics, and biology. The applications of information theory to 
psychology have been discussed in numerous manuscripts (Atteneave, 1959; 
Berlyne, 1957, 1965; Hicks, 1952; Luce, 196O5 Miller, 1953, 1956; 
Miller, Galanter, & Pribram, I96O; Neisser, 1967). 
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It is important to realize that the classic (communication theory) 
use of "information" (a) concerns reduction of uncertainty of events 
(i.e., information defined as choice, or the narrowing down of 
alternatives) and (b) ignores questions of meaning (semantics). 
Although communication theory has been useful in delineating processes 
associated with transmission of signals,, applications of information 
theory in the behavioral sciences have been misleading, Tbe failure to 
adhere to the original assumptions of mathematical informtion theory 
has been discussed in an excellent review by Bar-Hillel (1955)» 
Indicating that the construct of semantic information has intrinsically 
nothing to do with communication, Bar-Hillel emphasizes that information 
is a highly ambiguous term denoting the basic function of the theory. 
Killer (1953)» in an attempt to clarify the original assumptions 
of statistical information theory, notes that only the amount of 
information is subject to analysis. The amount of information does not 
specify or infer the content, value, truthfulness, exclusiveness, 
history, or purpose of information, Bar-Hillel (1955) reiterated the 
original information assumptions in his proposal of the following three 
theories: (a) calculus of information, (b) statistical theory of 
signal transmission, and (c) theory of semantic content. The last 
two theories are regarded as different interpretations of the first. 
General psychological applications of information theory Infor­
mation transmission or processing occurs within a defined physical 
framework — a communication system. A general communication system is 
represented in Figure 1« 
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TRANSMITTED TRANSMITTED RECEIVED RECEIVED 
SIGNAL MESSAGE SIGNAL MESSAGE 
CHANNEL 
NOISE AND 
j DISTORTION 
RECEIVER INFORMATION 
SOURCE 
TRANSMITTER DESTINATION 
Figure 1. A generalized communication system (from Raisbeck, 1963s 
p. 3) 
In psychological applications of information theory, the information 
source is often defined as a human being. The message is defined as 
output of the information source» If the information source is an 
Individual, then the message is what he says. Transformation of the 
message is performed by a transmitter; i«e., it produces a signal suitable 
for transmission over the next element of the system. Messages are sent 
over a channel « which is nothing more than an appropriate medium used 
to transmit the signal from the transmitter (source) to the receiver 
(destination)® "A channel (like a telephone line) transmits information 
[signals] to the extent that the choices made at one end determine those 
made at the other" (Neisser, 196?, p» ?)» During channel processing, 
the signal may be altered by noise (statistical and unpredictable 
perturbations) or distortion (correctable, fixed operation). The receiver 
element in the communication system performs an operation on the received 
signal which is approximately the inverse of the operation performed by 
the transmitter on the transmitted signal. Thus, the receiver operates 
on the received signal in attempting to reproduce the original massage. 
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As Luce (i960, p. 11) notes; "In other words, the transmitter encodes 
the message for the channel and the receiver decodes it," The final 
element in the communication system is the destination, "which is the 
person or thing for whom the message is intended" (Raisbeck, I963» P« )^« 
In psychological applications of information theory, the organism 
is viewed as a processor of information. As an alternative to the S-R 
approach to cognition (i.e., mediation), the emphasis here is on the 
following psychological activities: (a) stimulus inputs, which are 
regarded as informtion; (b) storage of information (structures and 
processes involved in transformation of input); (c) retrieval of stored 
material (structures and processes involved in transformation of stored 
material into output); and (d) response outputs. The aim of research 
in human information processing is best summarized by Norman (19^ 9; 
p. 3)s "to [logically] follow what happens to the information as it 
enters the human and is processed by the nervous system." It follows then, 
that information processing theories examine transformations of infor­
mation (involving organ!smic structure and process) associated with 
cognitive activity. Simon and Newell (1964) present the following 
excellent summary of information processing in computer and mans 
In programming a computer it is substantially irrelevant 
what physical processes and devices ... accomplish the 
manipulations. The program, the organization of symbol-
manipulating processes, is what determines the transformation 
of input into output. 
By the same token, since the thinking human being is also 
an information processor, it should be possible to study his 
processes and their organization independently of the details 
of the biological mechanisms — the "hardware" — that 
implement them. The output of the processes, the behavior of 
Homo cogitans, should reveal how the information processing 
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is organized, without necessarily providing much information 
about the protoplasmic structures or biochemical processes that 
implement it. From this observation follows the possibility 
of constructing and testing psychological theories to explain 
human thinking in terms of the organization of infornation 
processes ..= (pp. 281-282), 
Regarding the human being as an information processor, it is convenient 
to classify information processing tasks? i.e., types of system 
transformations on information, Posner (1964) has proposed a taxonomy 
of information processing which includes information conservation, 
reduction, and creation tasks. Following Posner, "each of these tasks 
requires the subject to take in information, to transform it in 
various ways by means of selection, classification and combination, 
and to store the product of these operations [and to retrieve the stored 
product and/or transformations of the product"]" (1965, p. 19?)• 
Information conservation tasks require the processor to preserve 
all of the input Information in the output information (response). 
Reaction time (Sternberg, I969) and memory span (Muxdock, 1967) 
experiments are conservation tasks; i.e., any increase or decrease in 
information during processing represents error. Information reduction 
tasks (e .g . ,  addition, classification, selection) require the processor 
to produce a subset of the stimulus input (Miller, 195<^ )« Information 
loss in this situation does not represent error; rather, the task 
requires such loss. Finally, Information creation tasks require the 
processor's output information to exceed input (e»g., one stimulus 
leading to many responses — word association) (Morin & Forrin, I963). 
Posner's taxonomy depicts man as a source of (a) simple information 
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transmission, (b) new information not present in a given stimulus, 
and (c) condensed information present in a given stimulus. 
Integration of development and memory constructs within information 
theory Both memory capacity ("how much") and strategy ("how"), 
and developmental principles may be interpreted within the more generic 
concept of information coding; i.e., "the process of converting input 
via cognitive structures, into output" (Biggs, 1969» p. 28?), 
Utilization of the infornation construct is explicit or implicit in 
developmental (Bruner, 1957; Piaget, 1950) and memory (Atkinson & Wickens, 
1969; Norman, 1970; Oldfield, 1954) models. Psychological applications 
of information theory have, however, been attempted within specific 
models (e.g., either memory or development). Although information theory 
has been applied to both developmental and memory constructs, the above 
mentioned static memory criticism still appears valid. But, since 
both memory and developmental models may be presented in information 
terminology, integrating basic principles of the models will result 
in rejection of the static construct criticism» It is suggested then, 
that such an integration of principles is central to research dealing 
with (a) developmental analysis of (b) memoric processes. That is, 
such research subjects to empirical test information processing models 
of memory and development. 
Aside from the (decreasing) employment of non-experimental 
methodology, developmental psychologists are characterized by their 
emphasis of reliable ontogenetic principles (Elkind, 1970). The 
developmentalist, concerned with the "whole" organism, deals with 
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changing organismic structures and processes throughout the life span 
rather than specific content (experimental approach). Since "both 
developmental and information models stress system and change, it is 
not surprising that developmental principles have been presented in 
information terminology. Concerning the developmental construct, one 
of the most influential theorists of cognitive development is Piaget» 
The Geneva approach, along with the learning orientation, dominates 
research in developmental psychology (see Elkind & Flavell, 1969; 
Elkind & Sameroff, 1970; Flavell & Hill, I969). It has been noted that 
Piaget's theory of intellectual development can easily be discussed in 
information processing terms (Gyr, Brown, & Garagna, I967). 
The successive stages of ontogenetic development and principles 
prescribed by Piaget are well known. In a recent article (I968), 
Piaget has presented his major developmental postulates in terms of the 
informational concept, transformation of informtion. He discusses 
change with age in transformational strategies associated with 
organization of environmental signals (objects). Developmental paradigms 
similar to, or based on, Piaget's theory (Bruner, 1964; Hagen, 19685 
Inhelder, 1969; Munsinger & Kessen, 1964; Siegel, I968) also employ the 
information construct in interpreting cognitive behavior. 
Of the above Piagetian derivations, Hagen's model most clearly 
depicts hunan behavior as a product of many changing abilities. His 
model is important to this discussion in that the memory construct is 
explicitly presented as a model component, Hagen (I968) has noted that 
any attempt at describing or explaining the development of cognitive 
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abilities — including memory^  — must take into account development 
changes that occur in (a) what the individual deems important to attend 
to, (b) his ability to do so while excluding other stimuli, (c) his 
ability to produce and code infornation, and (d) his ability to take 
from memory and reproduce when the situation demands. 
Directly related to Hagen's first two propositions, Belmont and 
Butterfield (1969), Bern (1968), Growder (1969), Druker and Hagen (1968), 
and Hagen and Frisch (1968) have reviewed the literature on relations 
of information processing ability to age and I.Q, Their discussions of 
data are consistent with the view that acquisition-attention pattern 
(active-passive acquisition strategies) is an important variable in 
learning and retention. One example of the importance of the attentional 
variable is provided by Druker and Hagen's (I968) review and research 
on developmental trends in the processing of task-relevant and task-
irrelevant information» The results of such studies indicate that the 
younger child's relative inefficient performance in learning and 
perceptual tasks is partly due to their inability to focus attention 
on the relevant aspects of the task, 
M^emory, as noted by Flavell and Hill (1969, p. 13) "'becomes 
essentially continuous with perceptual-attentional processes on the 
input side and melds with a variety of other cognitive processes on the 
storage-aud-output side." Melton (1963) and Norman (1968) provided 
the following conditions that are primary in the remembrance of past 
events: (a) acquisition, (b) storage, and (c) retrieval» Accepting 
these conditions, it is rather obvious that memory is an integral part 
of any cognitive task. 
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Regarding Hagen's above points c and d, Atkinson and his associates 
(Atkinson & Shiffrin, 196$, I9685 Atkinson & Wickens, 1969» Shiffrin, 
1970; Shiffrin & Atkinson, 19^ 9) have developed a model of memory 
(including fixed structural features and variable control processes) 
that emphasizes the importance of storage and retrieval aspects in the 
memory system (Figure 2), Atkinson and his associates, in Figure 2, 
make a distinction between two aspects of the proposed memory system. 
First, "there are certain fixed structural features [sensory register, 
SR; short-term store, STSj long-term store, LTS] of the system that 
are invariant and cannot be modified by the subject" (Atkinson & Wickens, 
1969, p« 8), Following Shiffrin and Atkinson (1969), the three 
structural features are defined as follows: (a) SR is a very short 
lived memory store which temporarily holds incoming information while 
it is being initially processed and transferred to STS (see Sperling, 
i960, for an example in the visual modality); (b) STS is a temporary 
store (i.e., short-term memory, STM) in which information is manipulated 
for the purposes of storage and retrieval from LTS; and (c) LTS represents 
permanent memory (i.e., long-term memory, LTM) and it is only in 
this structural feature that information may be retained for an extended 
period of time. Hereafter^  the terms short-term memory and long-term 
memory will be referred to as STS and LTS respectively. The second 
aspect of Atkinson's model concerns changing control processes which 
determine the operation of the memory system. These control processes 
have been grouped into the following three classes: (a) search for 
information in STS and its retrieval, (b) rehearsal of items in STS, and 
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Figure 2, A flow chart of the memory system. Solid lines indicate 
paths of information transfer. Dashed lines indicate 
connections which permj.t comparison of information arrays 
residing in different parts of the system; they also 
indicate paths along which control signals may be sent 
which activate information transfer, rehearsal mechanisms, 
etc, (from Shiffrin & Atkinson, 1969, p, I80) 
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(c) transfer of information from STS to LTS. Glass associated with the 
search for information in STS and its retrievali Murdock (196?), 
Norman (1968, I969, 1970), and Sternberg (1966, I969) have reviewed 
studies indicating that information storage in STS is structured, and 
that the use of a particular search strategy (eag,, Shiffrin & Atkinson's 
[1969] recursive loop) may lead to more or less rapid recovery of 
encoded information. Glass involving rehearsal of items in STS In 
order to circumvent their loss: If information is rehearsed in STS, 
it is preserved; such information soon begins to be lost when rehearsal 
ceases. It is assumed that the individual sets up a buffer in STS that 
can hold a fixed number (r) of items. This buffer is not a structural 
feature of the memory system- but is set up by the individual when 
required. The size of the buffer (when in operation) depends on (a) the 
nature of the nsterial that is being rehearsed, and (b) the learning 
strategy that the individual employs (Brelsford & Atkinson, 1968), It 
is not necessary that every item which enters STS be incorporated into 
the rehearsal buffer. The decision as to whether an item is to be 
entered into the buffer is another control process (and depends on the 
nature of the item and on the current contents of the buffer). Glass 
associated with the transfer of information to LTSt In most cases, 
whenever information is in STS, some of it will be transferred to LTS 
(Glanzer, 1969)0 If much of the individual's effort is devoted to STS 
rehearsal, then relatively little information will be transferred to 
LTS, If, however, the individual develops techniques (strategies) or 
organizing and encoding the material, a great deal of information may 
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be transferred, Atkinson and Wickens cite Montague, Adams, and Kiess* 
(1966) paired-associates study as an example of organization and STS-
LTS transfer. This study suggests that long-term performance on a 
paired-associates task is improved if the individual searches for words 
or phrases that mediate between stimuli and response rather than 
rehearsing the items. Employing Atkinson's model, the present developmental 
analysis specifically deals with structural features STS and LTS, 
and the control processes associated with search (a above) and transfer 
(£ above). Further discussion of these aspects of the memory system 
is presented below. 
Memory capacity and strategy 
Although the memory storage controversy still exists (Lewis, 1969: 
Melton, 1963» Raymond, 1969), much of the research on memoric organization 
employs techniques operationally classified within STS concepts (Craik, 
1969; Raymond, 1969)0 Neufeldt (1966) has presented an interesting case 
for the importance of STS s 
.0, Information, whatever the source, upon entering the 
organism (in the case of exteroceptor stimulation) presumably 
enters an STM system. Such information my either be lost 
here due to spontaneous decay or to interference from other 
incoming stimuli, or both (which, or both is a theoretical issue 
still very much alive), or it may be transferred to some 
permanent storage locus (long-term memory). The import of 
STM to any consideration of learning thus immediately becomes 
apparent in that an STM system can control what and how much 
information the organism encodes (p. 2). 
Numerous theorists have discussed the pragmatic utility of STS 
concepts in attempting to understand the learning process. In learning 
situations, the organism is confronted with a vast amount of information 
in a relatively short period of time (Shapiro & Johnson, 1964), In 
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Neufeldt's terminology, (a) the organism which is able to store the most 
relevant information and transfer such information to long-store memory 
learns most, and thus, (b) learning is essentially a problem of 
immediate storage capacity. Further, the effective storage capacity of 
organisms may differ because of (a) inherent short-term storage capacity 
(e.g., nornals vs« retardates), (b) strategy of encoding available 
information (grouping or organizing input sequences)^ , or (c) both a and 
b. It follows from the above discussion that memory, especially STS, 
is an important aspect of cognitive development. Further, it is apparent 
that a developmental analysis of the memory construct would be an 
important contribution to theories of human behavioral change. 
The first major piece of cognitive (particularly memory) research 
which applied information theory was Broadbenfs Perception and 
Communication (1958). Broadbent presented a general cognitive theory 
(including attention, learning, and memory variables) which has, in 
general, been supported by later research. His dichotic listening (DL) 
method (1958) is a tool which has been employed to assess both STS 
capacity and strategies of selected samples. This modified memory span 
procedure (simultaneous presentation of lists of verbal stimuli via 
tape to the ears) is considered a more reliable and valid measure of 
STS capacity than traditional measuring techniques of digit span (see 
Hurdock, 196?; Richardson & Knights, 1970). Numerous studies (Richardson & 
M^iller (1956) has proposed that although memory span (also 
absolute judgments and span of attention) of individuals differ little, 
differential use of memory span is detectable. 
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Knights, 1970) have also demonstrated the usefulness of DL in 
identifying strategies employed by human subjects in incoding information. 
The DL method permits such strategy assessment when the following 
condition is employed: "Two different sources of information are 
present, both of which are highly demanding of attention and where the 
information is presented too rapidly to be handled successively" 
(Neufeldt, 19^ 6, p. 5)« The general findings of research on strategies 
employing the DL method have been summrized by Bartz and Stock (1968) 
as follows s 
[DL] studies consistently show a correlation between rate of 
presentation and order of report. When dichotic pairs are 
presented at a fast rate (e.g., 1 pr./ l/2 sec,), Ss tend 
to use the ear order of report (SOR), reporting first those 
items presented to one ear and then those presented to the 
other. At slower rates of presentation (e.g., 1 pr. /2 sec.), 
the order of report is by dichotic pairs [temporal order]. 
At both rates, the ear reported first tends to be superior in 
recall; but particularly so at the fast rate (under EOR) 
(p. 2), 
Further, Bryden (1962, I969) and Neufeldt (1966) have identified other, 
less optimal strategies (Figure ])» The majority of adult response 
sequences found in DL studies are classified as either temporal or ear 
order. The less optimal strategies of adults are depicted in Figure 3 
and are identified as follows; 
Attempted ear order; On a number of trials, adult subjects 
atteinpt to use ear order, but fail to assign the items 
(e.g., numbers) to the proper channel, A response 
sequence is scored as an attempted ear order whenever the 
transposition of a single pair of numbers would produce 
an ear order. In Figure 3c, transposition of the 
third pair of numbers would produce an ear order. 
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Figure 3. Representative examples of different orders of report. 
The numbers indicate ordinal position in the report sequences» 
(a) temporal order, (b) ear order, (c) attempted ear order, 
and (d) attempted ear order with an "in place" repetition 
(after Bryden, 1962, p. 292) 
Attempted ear order with an "in place" repetition: Employing 
this strategy (represented in Figure 3d) the subject's first 
half-series (encoded items from one ear) includes one 
number from each pair. Since transposition of the second 
pair would convert it to an ear order with one error (in 
the fifth number reported), this response sequence is scored 
as an attempted ear order. 
FinallyB random order of response sequence is the least optimal 
of the recorded strategies. Although random order is not specifically 
defined in the literature, it may be interpreted as a lack of any 
systematic response order over trials. 
Recall from Bartz and Stock's sumnary of DL data that adult 
subjects employ the (a) ear order of report when dichotic pairs are 
presented at a fast rate, and (b) temporal order of report when dichotic 
pairs are presented at a slower rate. The first part of this research 
summary report (ear order - fast rate) supports Broadbent's (1958) 
attention hypothesis (i.e., hypothetical switching mechanism). Two 
components of Broadbent's information processing model have stimulated 
much researcht the perception (p) and storage (S) stages, Broadbent 
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proposes that inforioation arriving at one ear (channel l) is attended 
to as it is encoded (P system), while information arriving at the other 
ear (channel 2 is temporarily held in short-term storage (S system). 
Once the subject has attended to all the information of the first 
channel J he can attend to information of the second channel, provided 
that the information stored is still available. When information is 
presented simultaneously and at a fast rate, Broadbent hypothesizes 
that the subject cannot attend to or assimilate all the information 
from both ears at once (i^ e., limited P capacity), and thus he attends 
to one channel while a "filter (switching) mechanism" (Broadbent, 195?) 
encodes information from the second ear into the S system. If the rate 
of presentation is slowed down, the subject, according to Broadbent, 
does have sufficient time to shift attention (P system) from channel to 
channel and thus can employ the temporal order of report, 
Yntema and Trask (1963) hypothesize, contrary to Broadbent, that 
recall performance entails more of a search process — a problem of 
data retrieval. That is, it is proposed that both pair members are 
perceived and stored in memory at the same time of presentation (i.e., 
both channels are simultaneously involved in perception and storage of 
stimuli), The information processor then adopts a search plan or 
strategy, with certain strategies more optimal than others. It is 
noted that Atkinson's model, involving control processes, is similar 
to (and more detailed than) Yntema and Trask's memory proposal. The 
search hypothesis, with varying strategies or control processes as 
components, emphasizes stimulus properties as organizational cues for 
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optimal information retrieval. Evidence reported in Atkinson and 
Shiffrin (1968), Atkinson and Wickens (1969)5 Neufeldt (1966), Norman 
(1970), Shiffrin (1970), and Shiffrin and Atkinson (1969) support the 
search process hypothesis (with adult subjects). 
Conceptualizations and research on human memoiy (Norman, 1970; 
Shiffrin, 1970), included in the upsurge of psychological applications 
of information theory have provided new techniques in the description 
and understanding of human behavior. It should be obvious to the reader 
that nothing has been introduced concerning the physiological 
representation of the memory system (see Pfaff, I969, for a discussion 
of the major biochemical models of stored information in the nervous 
system — synaptic, ribonucleic acid, and glial hypotheses). Information 
processing theorists, recognizing a lack of physiological data, 
concentrate on deducing logical properties of stored material (see 
Simon & Newell's above summary). As Norman (1969, p. 12$) states: "We 
can speculate on the logical organization of storage, for some of the 
properties of stored material can be deduced independently of the 
particular physiological mechanisms which might be involved," 
Strategies of encoding and receding available information imply 
that the storage of information in STS is structured, and that the use of 
a particular strategy may lead to more or less optimal retrieval of 
stored raterial (Atkinson & Wickens, I969). Following Miller's (I956) 
"bits per chunk" discussion, it has often been proposed that differential 
use of strategies can increase or decrease the individual's apparent 
memory span (see Neufeldt^  I963, for a review of supporting evidence). 
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That is, "a relatively efficient strategy of encoding or recoding 
Information ... can increase the apparent memory span, storing more 
information than a relatively inefficient or poor strategy can" 
(Neufeldt, 1966, p. 2). Strategies (organizational processes), according 
to Aaronson (1967) have been operationally defined as (a) the order in 
which the responses are made (differential response sequences); (b) the 
pattern of times at which the responses occur; (c) the pattern of errors 
in responding; (d) the results of verbal reports from subjects; and 
(e) the effects of training on response patterns. 
Research and theory of memory„ based on psychological applications 
of information theory, suggest that cognitive behavior can be interpreted 
at least partially, as being controlled by strategies. These strategies 
are formed by the individual in attempting to reduce and organize input 
information to manageable proportions. Research suggests that 
limitations do exist on the amount of input that may be processed in 
any given time period (e.g., Miller, 1956? Neisser, I967). Both Miller 
(1956), and Biggs (1969) point out, however, that the limitations on 
amount of input does not necessarily apply to amount of informtion that 
may be processed (e.g., chunking). Biggs also states: 
... The power of thought in the [input - information] 
view thus resides in the quality of the encoding rules them­
selves, not in the absolute size of [STS"|. It is therefore 
apparent that the use of strategies for recoding that 
maximize economy, but not at the expense of veridicality, is 
basic to complex thinking; the more economically coded any 
given set of data is, the more easily may other relevant data 
be considered in the solution of a problem. By the same 
token, the more irrelevant data that are included in [STS] 
— e.g., sensory feedback accompanying experienced stress — 
the less space is available for relevant data (p. 292). 
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... Several strategies can be distinguished that 
individuals bring to bear to achieve this economizing. These 
strategies range from highly sophisticated ones, such 
as the imposition of abstract and complex logical structures» 
to naive and maladaptive ones such as ignoring relevant infor­
mation (p. 291). 
In concluding the present section on human information processing, 
the importance of conceptualizing memory — storage capacity and 
strategy (organizational processes) — within a developmental frame­
work is again emphasized. As discussed above, both developmental 
(especially cognitive) and memory theories may be discussed in terms 
of information processing constructs. It has been noted previously 
that information processing techniques have proven extremely useful 
in memory construct explication. It follows that developmental 
analyses (also within the information processing domain) of cognitive 
abilities will aid in explication of the memory construct. 
Objectives of the Present Investigation 
The proposed research will attempt to remedy the problem of static 
memory models. As stated previously, this problem concerns the lack 
of age trend (descriptive) data on effective STS capacity and the STS-LTS 
relationship. Further, the proposed research subjects to empirical 
test recent interpretations of cognitive behavior (see above) which 
assume that there are developmental changes in the ability to process 
information. These cognitive theorists imply that the human being isi (a) 
bom with a species-specific brain structure, (b) which provides the 
potential for developing a complex cognitive structure (e.g., modes 
of representation, schemata) of his world, and (c) there are orderly 
changes (e.g., stage approaches) in such structure» Langer (1969, p« 9l)» 
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in the following table (Table l), presents a summary diagram of the 
stages of development in the individual's organization and consequent 
interactions with the psychological environment. According to the 
diagram, development is "marked by a shift in man's psychological 
functioning from (a) passive motions or relatively conforming reactions 
to external stimulation [information"] to (b) interpretative actions or 
relatively spontaneous constructions of himself, his experience, and 
his environment" (p. 90). 
The DL method has been incorporated into the proposed developmental 
analysis of memoric processes. As was previously mentioned, this 
technique has proven useful in assessing STS capacity and strategies 
of select samples. Of the previously cited stiriies employing the DL 
method, only two (inglis & Sykes, 196?; Maccoby dc Konrad, I966) 
emphasize developmental analyses of effective STS storage. Both studies, 
however, dealt with only one aspect of effective STS storage; i.e., 
capacity. The results of the studies indicate an increase in STS 
capacity in normal children between ages of 5 and 10 years (inglis & 
Sykes) and grades kindergarten and fourth (Maccoby & Konrad), To date, 
no evidence from DL studies has been presented concerning possible 
differences in strategies across age groups. The proposed stixiy 
t 
incorporates the following three objectives; 
(a) a replication and expansion (more age groups) of the 
Inglis-Sykes and Maccoby-Konrad studies on STS storage 
capacity ; 
(b) a developmental analysis of strategy of recall and search 
processes within the DL paradigm; and 
Table 1, Diagram of developmental transformations 
Orsanism-Unwelt (Environnient) Relationships 
I. Tropistic-reflex reactions Stimuli 
II» Goal-directed sensorimotor action upon Signaled 
things 
III. Contemplative knowledge about Objects 
Means-Ends Relationships 
Biophysical and biochemical 
transmission culminating in 
stereotyped reaction patterns of 
parts of, or whole, organisms 
Species-specific behaviors and 
individually learned patterns of 
response ("habits"); formation of 
signals (itamnals) f "natural" 
tool usage (apes) — all predomi­
nantly in the service of biological 
ends 
\o 
Construction of tools and formation 
of symbols in the ser%'lce of knowing 
and manipulating the environment 
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(c) a developmental analysis of the relationship between 
STS and LTS through a restricted period in the life 
span. 
These objectives and their relationship to theory are presented in the 
form of the following researchable hypotheses j 
I, Through childhood and adolescence, there are significant changes 
in STS storage capacity. Essentially, this hypothesis is 
quite similar to that of Inglis and Sykes and Maccoby and 
Konrad (i.e., childhood). The present study is also an 
expansion of the earlier studies in that it includes early 
and late adolescence. The research of Inglis and Sykes and 
Maccoby and Konrad suggest that (a) STS storage capacity is 
limited (i.e., STS is based upon a mechanism of limited 
informational capacity) (see Broadbent, 1958, and Murdock, 
196kf for complete discussions), and (b) such capacity expands 
through childhood. In an investigation comparable to those of 
Inglis and Sykes and Maccoby and Konrad, Neufeldt (1966) 
found that the STS storage capacity of retardates was significantly 
lower than normals (matched on chronological age), 
II. Through childhood and adolescence, there are significant 
changes in strategy of recall and search processes. This 
hypothesis relates to the memory and developmental information 
processing models discussed above. It is assumed by such 
theorists that there are (a) optimal economy-making strategies 
employed by the human processor for encoding, storing, and 
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retrieving informationj, and (b) such strategies are attained 
as the processor develops (i.e., physiologically matures, 
progresses through stages, accumulates higher-order capabilities). 
More specifically, hypothesis 2 relates to the search process 
(Yntema & Trask, 1963) and switching mechanism (Broadbent, 1958) 
hypotheses discussed above. The present study « utilizing dichotic 
lists of associated and unassociated nouns presented at fast (l-seco) 
and slow (3-sec.) rates, subjects the two organizational 
hypothesis to empirical investigation. There is evidence that 
associative or mnemonic structure increases free recall of 
serial lists (see Glanzer, 1969). Since associative structure 
should offer a prominent set of characteristics or tags to 
the subject (s) (other than ear order arrival) at a fast rate 
of binaural presentation, the search processes or strategy 
should just as readily follow the associative order (in this 
case, temporal) as ear order. When recalling the unassociated 
word lists at the 1-sec. rate of presentation, Ss in the 
present study should employ the ear order or report. The 
dichotic pairs (associated, unassociated word lists) presented 
at the rate of 3-sec. per pair were included to assess the 
temporal order phenomenon (found in recall of adult Ss) with 
children and adolescents. 
III. Through childhood and adolescence, there are significant 
changes in both effective STS and LTS. This hypothesis suggests 
a developmental relationship between STS - LTS abilities, and 
32 
is related to two-stage memory models (see above). Hypothesis 
3 relates specifically to Glanzer's (1969) two-storage model 
which postulates an isomorphism between portions of the 
serial position curve and storage mechanisms. In a series of 
studies (Glanzer & Cunitz» 19665 Glanzer & Meinzer, 196?; 
Glanzer, 1969; Glanzer, Gianutsos, & Dubin, 1969» Raymond, I969), 
Glanzer and his associates have developed a model for free 
recall data. The model is based on the following general findings 
"When a list of words is presented for immediate recall, the 
last few items presented have a higher probability of recall 
than items presented earlier" (Craik, 1969, p« 658), This 
phenomenon, termed the recency effect, has been attributed to 
STS output. From free recall data (indicating the typical 
serial position curve), Glanzer and his associates hypothesize 
that the usual serial position effect is a result of output from 
two different storage systems — "the beginning peak reflecting 
output primarily from [LTS] and the end peak reflecting output 
primarily from [STS"]" (Raymond, I969, p, 56?). Support for 
this two-storage model consists of the following findings 
from free recall studies employing adult Sss (a) variables 
usually found to affect LTS (i.e., presentation rate, type of 
stimulus mterial, frequency of stimulus imterial) affected 
recall from the beginning of the list; (b) a variable (i.e., delay) 
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manipulated in studies of STS affected recall from the 
end of the list; and (c) the effect of the number of prior 
lists on the end peak under delayed recall was negligible 
(rejection of the hypothesis that proactive inhibition operates 
in STS). 
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METHOD 
Subjects 
The Ss for this investigation were 80 students from the Shepard, 
Michigan, school district (rural) ranging in age from 7 to 1?. There 
were 20 Ss (lO male, 10 female) in each of the following age groups; 7» 
10 (middle and late childhood), 14, and 17 (early and late adolescence). 
To insure that the influence of laterality and order were not confounded, 
only right-handed Ss participated. Since all Ss were required to 
write their names on the data collection form, the criterion of right-
handedness was easily assessed« The Ss within age levels were equated 
on forward digit span recall (+ 1 digit). Also, intelligence test 
results (Kuhlmann-Anderson group test) were employed to restrict the 
sample to the normal IQ range (see Table 2). All Ss had been tested 
within one year of the present study. No significant differences in 
IQ was found (a) between age groups, or (b) within age groups. On 
digit span performance (WISC), no significant differences were found 
within groups (i.e., no significant male - female differences). As 
shown in Table 2, digit span increased significantly (p < ,05) with 
age. 
Procedure 
The items from the WISG digit (forward) subtest were recorded 
and administered via headphones to all Ss (for wjthin group matching 
purposes) before proceeding with the instructions of the experiments. 
The apparatus used to administer the stimuli consisted of a Sony two-
channel tape recorder played into a pair of Sharpe headphones. The 
Table 2. Sample age, IQ, and digit span statistics 
Age group Age IQ Digit span 
Childhood 
Middle 
late 
Adolescence 
Early 
Male 
Female 
Jfeile 
Fenale 
Male 
Female 
7.08 
7.13 
10.13 
9.99 
13.98 
13.98 
SD 
.15 
.18 
.26 
.24 
.19 
.14 
SD 
110.10 
107.40 
5.63 
6.24 
106.50 
109.30 
4.93 
3.33 
110.80 
111.00 
4.54 
4,99 
SD 
5.20 
5.10 
6.10 
6.00 
7.00 
7.10 
.79 
.74 
.57 
.94 
.47 
,32 
Late 
Male 
Female 
16.95 
16.98 
.18 
.23 
107.50 
110,70 
5.38 
3.71 
7.00 
7.00 
.00 
.00 
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experimental procedure is best described in two partsi Experiments 1 
and 2. Half of the sample (within age - sex group) was presented with 
Experiment 1 and then Experiment 2, The other half of the sample was 
given the opposite procedure. 
Experiment 1 - Attention span (capacity) and strategy; Different 
sets of digits (employed by Neufeldt, I966) were recorded on each channel 
as shown in Table 3« Each series was recorded so that two numbers, one 
Table 3« Digits used for binaural stimulation 
Channel 1 Channel 2 
Practice series 
A 3 Blank 
B Blank 7 
C 3 7 
Test series 
5 
7 
4 
6 
39 
85 
38 
65 
592 
793 
479 
584 
8 
5638 
9754 
65^ 2 
9356 
81342 
?4682 
57841 
38671 
6 
1 
3 
72 
17 
59 
28 
174 
462 
836 
719 
2941 
8362 
7918 
4271 
96571 
31579 
29356 
15429 
37 
from each channel, were simultaneously heard by S. The digit pairs 
within each series were recorded at the rate of one pair every one-half 
second, Cfeire was taken to control the numbers on each channel for timing 
and intensity» The headphones covering S's ears were equipped so that 
each ear received only the digits from one of the two channels. 
Each S, on first arriving, was seated at a table opposite the 
experimenter (g). The S was briefly introduced to the use of the head­
phones, and then, via headphones, was instructed as follows s "Now 
listen carefully, You are going to hear a number, I want you to tell 
me what number you hear," Practice series A (spoken digit 3 on Channel 
l) was then played. If responded correctlyj the procedure was repeated 
with series B« If ^  failed to respond or gave the wrong number, the 
volume was increased until the correct response was made. Each S was 
then told s "Now you are going to hear two numbers together, one from 
each ear. Tell me what numbers you hear," The two channels then played 
the spoken digits 7 and 3 simultaneously (series C), If S responded 
with the correct digits then the test series were commenced. This 
procedure provided a practice series allowing ^  time to become used to 
the experimental situation, and ensuring that group differences were 
not due to differences in sensory acuity. When the S was fully acquainted 
with the procedure, the test series was begun. The Ss were informed of 
each change in series length by the instructions "Now you are going to 
hear [N] numbers, [l/2] in each ear" (where N was 2, 4, 6, 8, or lO), 
"Tell me what numbers you hear," Between each of the items within 
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a series Ss were asked, "Now what numbers do you hear?" The E 
recorded S's output on mimeographed score-sheets for later scoring. 
The test series were presented in a partially counter-balanced 
order — half of the Ss in each group (i.e., l/2 male, l/2 female) 
receiving the two-pair material first (the order shown in Table 3)» 
the other half first receiving the five-pair material (reverse order). 
Scoring; The scoring procedures presented above (i.e,, temporal, 
ear, attempted ear, 'in place", and random orders) were utilized. Two 
additional scoring methods were introduced which had not been employed 
in previous studies: (a) ^'s initial responses to each list were 
recorded as containing items from the beginning or end of the list; 
and (b) when S combined two strategies (e.g., temporal first, and then ear), 
it was scored accordingly (e.g., temporal plus ear). The first digit 
repeated determined in each case which channel was taken to be the 
half-span recalled first. The score obtained was the average number of 
correct responses for each half-set of digits, taking each digit's 
position in the series into account. This procedure follows that of 
Inglis and Sykes (196?) and Neufeldt (1966), and is necessary for 
interpreting quantitative (capacity) and qualitative (strategy) 
differences within the sample. 
Experiment 2 - Free recall (monaural-binaural stimuli) of associated-
unassociated nouns tro rates of presentations Thirty-two 8 item 
lists were recorded under conditions described in Table 4. (See Appendix 
A for a complete presentation of the nouns employed under the 
prescribed conditions.) Associative or mnemonic structure is operationally 
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Table 4. Experiment 2 conditions: rate of presentation (l- and 3-sec,) 
and stimuli (monaural and binaural tasks) 
Tasks 
Presentation Rate 
1 seCt 3 sec. 
Dichotic Noun pairs 
(a) Associated (4 lists) 
(b) Unassociated (4 lists) 
Noun pairs 
(a) Associated (4 lists) 
(b) Unassociated (4 lists) 
Monaural 
(serial) 
Noun pairs 
(a) Associated (4 lists) 
(b) Unassociated (4 lists) 
Noun pairs 
(a) Associated (4 lists) 
(b) Unassociated (4 lists) 
defined (Glanzer, I969) as any relation between a pair of words that 
facilitates the acquisition of one given the other. The words used to 
construct the associated word lists were 64 pairs of nouns. The first 
member of each pair was a Kent-Rosanoff stimulus word. The second 
liember of each pair was a response to the first word given by the 
majority of ^ s represented by the Mnnesota norms (specifically, grades 
2nd, 5th, 8th, 10th, and 12th) (Palermo, 1965; Palermo & Jenkins, 1964). 
A number of other restrictions were imposed on the selection of the second 
member of the pair, eliminating the following» (a) proper nouns, (b) plurals, 
(c) rhymes of the stimulus word, (d) words with more than three syllables, 
(e) words with a Thorndike-Lorge frequency less than 4 per million, 
(f) words that formed a compound with the stimulus word, (g) words given 
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with any sizeable frequency (N 9) as an association, within the norms, 
to any other first member, and (h) words identical with any member of 
the 64 pairs. 
To construct the lists, the 64 pairs of words were assigned at 
random, 4 pairs to a list. The ordering of the pairs within the list 
was also random» The word lists were recorded binaurally (dichotic 
list task) and monaurally (serial list task) at the rates of 1 pair/l­
and 3-sec, The monaural lists were recorded such that they appeared in 
each channel equally often» Under the dichotic, associative structure 
condition (associated noun pair lists) the pairs were constructed so 
that each Kent-Rosanoff stimulus word (Channel l) was paired by its 
associated response word (Channel 2). Under the serial, associative 
structure condition the pairs were constructed so that each Kent-Rosanoff 
stimulus word was followed by its associated response word (see Appendix A). 
As noted in Table 4, Experiment 2 inclided 4 general conditions: (A) dichotic, 
1-sec. presentation, (b) dichotic, 3-sec, presentation, (C) serial, 
1-sec, presentation, and (D) serial, 3-sec, presentation. By switching 
the A - D and B - C associated response words, pairs of unassociated 
lists could be obtained. This was the general technique used to obtain 
Hatched unassociative structure lists (see Appendix A), Each ^  received 
32 lists (4 associated J 4 unassociated lists under conditions A, B, G, D), 
The lists were presented in a partially counter-balanced order — half 
of the Ss in each group (i,e,, l/2 male, l/2 female) receiving lists 
A(a) first, the other half first receiving lists û(b), 
kl 
Scoring: For dichotic lists, S's responses were scored utilizing 
the procedure employed for Experiment 1 (digits). Following the 
scoring method of Glanzer and his associates for serial lists (e.g., 
Glanzer, 19^ 9)» the total number correct for the 4 lists (associated, 
1-sec; associated, 3-sec; unassociated, 1-sec.; unassociated, 3-sec.) 
at each serial position was computed for each S, 
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RESULTS AND DISCUSSION 
Experiment Is Attention Span (Capacity) and Strategy 
The first experiment, employing dichotically presented digits, 
concerned the two hypotheses mentioned aboves Through childhood and 
adolescence» there are significant changes in (a) STS capacity and 
(b) strategy of recall and search processes» The Ss were free to recall 
the binaurally presented informtion in an order of their choice for 
all conditions (number of digits per ear)» Since there were very few 
S^  errors for the 1 and 2 digits per ear conditions, these tasks were 
excluded from analysis to meet the homogeneity assumption. Figures 4 
and 5 indicate the capacity results for the 3» and 5 digits per ear 
conditions. Three repeated measures 3-way analyses of variance (ANOV) 
(age X sex x digits) (Winer, 1962) were computed and the main effects 
of age (7, 10, 14, 17 yrs.) and digits (3, 4, 5) to be significant 
(see Tables 5» 6, and 7)» 
Table 8 summarizes significant Scheffe'' mean comparison tests for 
total number of digits recalled. The relationships observed in Table 
8 tend to hold for both 1st and 2nd half-span mean comparisons (see 
Appendix B). 
The analyses indicate that there is a significant increase in 
capacity, as defined by Inglis and Sykes (1967) and Maccoby and Konrad 
(1966), from 7 to 10 yr„ olds only. No significant between group 
differences were found for ages 10, l4, and 17, although increases in 
recall from 10 to 17 yrs. were noticeable. Further, no significant 
differences were obtained between the sexes within any age group. The 
/ 
Figure 4. Mean number of digits recalled per trial 
for series varying in number of digits 
per ear 
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Table 5» Analysis of variance of 1st half-span digits recalled with 
age J sex 5 and number of digits as variables 
Source SS df MS F 
Between Ss 241,637? 79 
Age (A) ?%.6670 3 24.2223 10.793!^* 
Sex (S) .666? 1 .6667 .2971 
Srror+ 168J040 75 2.2441 
Within Ss 640.3453 880 
Digits (D) 102,4800 2 51.2400 48.8605* 
A X D 1.7170 6 .2862 
Replicates 376=7500 720 
Error++ 159.3983 152 1.0487 
Total 881.9830 959 
* p < .001, 
includes A x S interaction, 
includes D x S and A x D x S interactions. 
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Table 6, Analysis of variance of 2nd. half-span digits recalled with 
age, sex, and number of digits as variables 
Source SS df MS 
Between Ss 207.248; 79 
Age (A) 56.6003 3 18.8668 9.3991 
Sex (S) .1042 1 .1042 .O519 
Error" 150.5438 75 2.0073 
Within Ss 719.6852 88O 
Digits (D) 14.4522 2 7.2261 6.0258 
A X D 9.9600 6 1.6600 1.3843 
Replicates 513.0000 720 
Error^  182.2730 152 
Total (#6.9335 959 
* 
* 
* p < .001. 
includes A x S interaction. 
includes D x S and A x D x S interactions. 
kg 
Table 7o Analysis of variance of total digits recalled with 
age, sex, and number of digits as variables 
Source SS df MS F 
Between Ss 614,9681 79 
Age (A) 247.2840 3 EB.4260 l6.8l27* 
Sex (S) .0000 1 .0000 .0000 
Brror+ 367.6841 75 4.9026 
Within Ss 780.5898 680 
Digits (D) 193.4224 2 96.7112 116.4644* 
A X D 1.4463 6 .2411 .2903 
Replicates 459°5000 
Error^+ 126.2211 152 .8304 
Tbtal 1395.5579 
* p < .001. 
includes A x S interaction. 
-f-f 
includes D x S and A x D x S interactions. 
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Table 8. Significant differences among age and digit means ; total 
digits recalled 
Age 3 
Digits 
4 5 
1 3.9500 < 4.5750 < 5.0375 
A A 
10 4.9375 < 5.5125 < 6.0125 
14 5.1750 < 5.6750 < 6.3625 
17 5.2250 < 5.8125 < 6.2750 
* p < .01. 
above results only partially support hypothesis Is through middle 
and late childhood there is a significant change in STS storage capacity, 
as measured by the number of digits recalled. 
Since the above analyses were based on number of digits recalled 
(1st half-span, 2nd half-span, total), serial position effects were 
confounded in the ANOVso Serial position effects for 1st and 2nd 
half-spans are presented in Figures 6, 8, and 9<, 
Several interesting conclusions my be drawn from the serial 
position curves» First, except for the 2 digits per ear condition, all 
age groups consistently recall 2nd half-span digits less accurately 
than 1st half-span digits® This finding is consistent with previous DL 
studies (inglis, 1968)5 i.e., 1st ear reporting contained fewer errors 
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Figure 6. Serial position effects in two-pair dichotic listening 
than 2nd ear reporting. The finding that items in the 1st half-span 
were more accurately recalled than items in the 2nd half-span is usually 
interpreted as resulting from trace decay and/or interference during 
short-term storage (Broadtent, 1958). An interesting study by Clark, 
Knowles, and Maclearn (l970), involving manipulation of vocal and written 
recall of digits presented dichotically „ suggests that the 1st - 2nd 
half-span accuracy of recall discrepancy is partially due to inter­
ference at output produced by vocal recall of the 1st half-span. 
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A second interesting aspect of the serial position curves relates 
to the age differences summarized in the ANOV tables» From the serial 
position figures Ç it my be observed that the age differences in number 
of digits recalled reflect the following serial position effectst 
(a) The significant ? - 10 yr» old age difference reflects the 
respective age discrepancies in both 1st arxi 2nd half-
spans recalled under the 3, 4, and 5 digits per ear 
conditions, but position effects vary across digit conditions. 
53 
Serial position 
Figure 8. Serial position effects in four-pair dichotic listening 
(b) Although no significant 10, 14, 1? age differences were 
found in the ANOVs, serial position effects are observed 
to vary considerably across ages and conditions^  
The ANOVs and serial position curves suggest, then? a general lower 
performance by the youngest Ss in both half-spans recalled» According 
to Broadbent's selective filter model, 7 yr« olds indicated more 
limited perceptual (1st half-span recall) and STS (2nd half-span recall) 
systems than the older Ss. 
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Figure 9„ Serial position effects in five-pair dichotic listening 
It was pointed out earlier that previous developmentally oriented 
DL studies, dealing only with total information recall, confounded 
capacity with strategy in effective STS storage. In an attempt to 
delineate these two variables, performance of Ss on the digit tasks 
was subjected to strategy assessment. The frequency percentages of each 
recall strategy for digits per ear (2, 3s 5)» age, and sex are 
presented in Appendix C, Table 9 presents summary data on the frequency 
of strategies employed and related accuracy of recall for the digits 
per ear conditions» 
Several conclusions may be drawn from the strategy assessment data. 
First, the ear forward order of report was the most frequent recall 
strategy under the 2 and 3 digits per ear conditions• This strategy 
resulted in highest accuracy under the above noted conditions» Under 
the 2 digits per ear condition, the temporal forward order of report was 
frequently employed in most groups. This strategy also resulted in high 
accuracy digit recall. As more digits were presented (i,e», 4 and 5 
digits per ear) j however, ear forward order of report was less frequently 
employed by all groups» Under the 4 digits per ear condition, ear forward 
and random (iee., miscellaneous) strategies were most frequently 
employed by all groups. Under the 5 digits per ear condition, random 
order of report was the most frequent recall strategy observed in all 
groups. These within group findings are similar to Bryden's (1964) 
dichotic information research in adult Ss« The Ss in the present study 
were increasingly less accurate, regardless of the strategy employed. 
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Table 9, Comparison of accuracy and order of report with digits 
(conditions) presented at the rate of 1 pr./l/2 sec» 
Percentages in parentheses indicate accuracy of recall 
associated with strategy employment (EF >= ear forward, 
TF = temporal forwaid, E + T = ear plus temporal, T + E 
temporal plus ear, Mis. » random order of recall) 
Con- Age 
dition EF 
Frequency of strategy employment 
TF E + T T + E Mis. 
7 .42 .87 .32 (.91) .27 
10 .67 (.97) .19 (.95 .05 
14 
.54 (.99) .27 (.98) .07 
17 .52 (1.0) .38 (.99) .02 
7 
10 
14 
17 
.36 (.60) 
.47 (.89 
.63 (.91 
.39 (.92 
.30 (.66) 
.19 (.69) 
.10 (.69) 
.13 (.74) 
.14 (.76) 
.18 (.83) 
.05 (.79) 
.20 (.88) 
7 
10 
14 
17 
.17 (.53) 
.34 (.73) 
.38 (.77 
.24 (.73 
,18 (.62) 
.14 (.58) 
(.63) 
.17 (.69) 
.17 (.57) 
0O6 («65 
.05 (.72 
.14 (.70) 
.32 (.62) 
.34 (.70) 
.32 (.74) 
.28 (.80) 
7 .22 (.49) .07 
10 .19 (.64) .17 
14 .28 (.65) .13 
17 .15 (.62 .10 
.12 (.48 
.05 (.60 
.10 (.51) 
.22 (.62) 
,44 (.54) 
.49 (.62 
.47 (.66) 
.49 (.63) 
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as more information was presented» The present strategy results 
limit the general finding that ear order of report is the most frequently-
employed strategy when information is presented simultaneously at a fast 
rate. That is, the performance of Ss in the present study indicates 
that the ear order strategy is most optimal only within encoding limits. 
As more stimuli were presented within the dichotic task, Ss did not 
employ a consistent strategy. Moreover, such order of report inconsistency 
with increased information resulted in less accurate infor nation 
recall. These findings are consistent with the utilization, "bits 
per chunk" organizational hypothesis of Miller (1956). That is, in 
the present experiment S's organization or receding of information was 
aided primarily by the dichotic presentation, which resulted in the ear 
order strategy. This strategy or organizational process was effective 
because of the structure provided by dichotic presentation — information 
arriving simultaneously at both ears. Other organizational aids, such 
as slow presentation rate (rehearsal) and mnemonic structure, were not 
available to the S. The findings of Experiment 1 suggest that the 
structure provided by dichotic presentation of digits is sufficient 
for free recall organization within encoding limits» Under the 4 and 
5 digits per ear conditions, Ss did not utilize the organizational cue 
of dichotic presentation. This failure resulted in random order of 
recall and poor free recall accuracy. 
A second conclusion from the frequency data relates to between 
age strategy use. Although 7 yr. olds employed the most efficient ear 
order strategy, they did not employ it with as high a frequency as did 
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older Ss. Further, the youngest Ss were not as accurate as older Ss 
when the ear order of report was employed under any of the digits per 
ear conditions. It was also observed that 7 yr. olds employed the less 
optimal ear + temporal strategy with a higher frequency than older Ss 
under the 2 and 3 digits per ear conditions. This strategy is 
characterized by S initially employing the ear order strategy and then 
switching to the temporal strategy. The 7 yr. olds were less accurate 
when employing this ear + temporal strategy then when employing the ear 
order strategy. These findings of differential strategy use and related 
accuracy of report of 7 yr. olds account for the age main effect 
(7 < 10, 14, 17) reported above. Thus, the capacity hypothesis of Inglis 
and Sykes and Maccoby and Konrad may be unconfounded as follows5 (a) 7 
yr. olds do not employ the most optimal ear order strategy as frequently 
as older Ss, and (b) the youngest Ss use of the optimal ear order strategy 
and less efficient ear + temporal strategy results in less accurate 
information retrieval than older Ss. The strategy data indicate that 
the youngest Ss, in comparison with 10, l4, and I7 yr» olds, (a) employ 
the most efficient strategy less frequently, (b) employ a less efficient 
strategy more frequently, and (c) are less accurate in recalling 
information regardless of strategy employment. It appears» then, that 
the youngest Ss do have a more limited STS storage capacity (less accuracy 
with optimal strategy finding) and employ different strategies (less 
optimal strategy finding) than the older Ss. The strategy findings 
partially support the first two hypotheses s Through childhood only, 
there are significant changes in both STS storage capacity and strategy 
of recall and search processes. 
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Experiment 2a: Free Recall — Binaural Stimuli — 
of Associated-Unassociated Nouns at Two Rates of Presentation 
In addition to the age and sex variables# two other variables — 
mnemonic structure and presentation rate — were included within the 
present dichotic tasks. There were two levels of each of these additional 
variables, resulting in the following experimental conditions: associated 
word lists, 1-sec, presentation rate (Al); unassociated word lists, 
1-seCo presentation (Ul); associated word lists, 3-sec, presentation 
rate (A3); and unassociated word lists, 3-sec. presentation rate (U3). 
As in the first experiment, Ss were free to recall the binaurally 
presented information in an order of their choiceo The results of the 
binaural experiment are presented in Figure 10» A repeated measures 
4-way ANOV (age x sex x associated structure x presentation rate) was 
computed and nain effects age, associative structure, and presentation 
rate were found to be significant (see Table lO), In an attempt to 
ascertain the relative dominance of main effects, a magnitude of 
experimental effect statistic (r^ )^ (Friedman, 1968) was computed (see 
Table 9)o These magnitude coefficients are graphically depicted in 
Figure 11» Comparing r^  coefficients, it is clear that age and 
associative structure main effects have the greatest magnitide» Table 11 
/ 
presents Scheffe mean comparison differences for the free recall 
dichotic task conditions. It can be observed from this table that the 
performance trend for free recall conditions is as follows: 7 yrso < 10 
yrso < 14 yrs., 1? yrs. 
Figure 10, Number of words recalled under 
associative structure and presentation 
rate conditions 
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Table 10, Analysis of variance of nouns recalled in free recall dichotic 
task with age, sex, associative structure, and presentation 
rate as variables 
Source SS df MS f 
Between Ss 1471.7333 79 
Age (a) 1076.9800 3 358.9933 68.2523* .80 
Sex (S) .2643 1 .2643 .0503 
Error^  394,4874 75 5.2598 
Within Ss 1729,0531 1200 
Association 
(Ass. ) 438.3288 1 438,3288 409.0414* .80 
Presentation 
rate (PR) 65«2688 1 65.2688 60,9078^ .45 
Ass. X PR ,0200 1 .0200 .0187 
A X Ass. 69.6272 3 23,2091 21.6584* 
A X PR 5.3016 3 1.7672 1,6491 
A X Ass. X PR 5.6840 3 1.8947 1.7681 
Replicates 900.5000 960 
Error+^  244.3227 228 1.0716 
Total 3200.7864 1279 
* P < 8 001. 
Includes A x S interaction, 
++ includes Ass. x S, PR x S, and A x S x Ass. x PR interactions, 
Figure ii. Relative dominance of age, 
associative structure, and 
presentation rate main effects 
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Table 11. Age mean comparisons within conditions 
Condition Age 
ui 3.2500 3.9625 4,5250 5.0375 
7 3.2500 .7125* 1.2750* 1.7875* 
10 3.9625 .5625* 1.0750% 
Ik 4.5250 .5125 
17 5.0375 
,«* 
U3 3.4000 4.7125 5.0375 5.4125 
7 3.4000 1.3125* 1.6375* 2.0125* 
10 4.7125 .3250 .7000 
14 5.0375 .3750 
17 5.4125 
A1 3.5250 5.0625 6.2750 6.5625 
7 3.5250 1.5375* 2.7500* 3.0375% 
10 5.0625 1.2125 1.5000 
14 6.2750 .2875 
17 6.5625 
A3 4.1375 5.5875 6,7500 6.7875 
7 4,1375 1.4500* 2,6125* 2,6500* 
10 5.5875 1.1625* 1.2000 
14 6.7500 .0375 
17 6.7875 
* p < ,01. 
** P < .05. 
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The within group performance trend for all groups is the 
following: U1 < U3 < A1 < A3« The only significant interaction, age 
X associative structure, may be interpreted by observing the within 
group relationships in Figures 10 and 11 and Table 12, It nay be observed 
in Table 12 that for the adolescent S^ s, but not 7 and 10 yr. olds, A1 
task performance is significantly better than U3 task performance» 
This relationship is graphically illustrated in Figures 10 and 11, 
Specifically, in Figure %.i, the slopes of the 1- and 3-sec, presentation 
rate curves are similar for all ages. The slopes of the associated-
unassociated noun curves, however, become increasingly steeper with 
Increasing age. The summary data in Table 12 and the significant age x 
associative structure interaction indicate the following within group 
significant differences s 
(a) 7 yr. olds: A3 > Al, U), Ul; 
(b) 10 yr. olds: A3 > Al, U3, Ul; Al, U] > Ul; 
(c) 14 yr. olds: A3 > Al, U3, Ul; Al > U3, Ul; U3 > Ul; and 
(d) 17 yr. olds: A3, Al > U3, Ul. 
The present findings may be interpreted as reflecting the development 
of STS control processes. In the present experiment, it was found that 
children (7 and 10 yr. olds) do not utilize the information structuring 
aid of associated words as adolescents do, unless mnemonic structure is 
augmented by a relatively long presentation rate of list material. 
Except for 7 yr, olds, either associated words or 3-sec« presentation 
rate results in greater recall than no such structure. It is critical 
to point out that while associative structure is dominant over 3-sec. 
presentation rate in adolescence, this is not the case in childhood. 
6? 
Table 12, Condition mean comparisons within ages 
Age Condition 
3.2500 
10 
14 
17 
U1 
U3 
A1 
A3 
U1 
U3 
A1 
A3 
U1 
U3 
A1 
A3 
U1 
U3 
A1 
A3 
3.2500 
3.4000 
3.5250 
4.1375 
3.9625 
4.7125 
5.0625 
5.5875 
4.f250 
5.0375 
6.2750 
6.7500 
5.0373 
5.4125 
6.5625 
6.7875 
4.j250 
5.0375 
3.4000 
.1500 
3.9625 4.7125 
.7500* 
5.0375 
.5125 
5.4125 
.3750 
3.5250 
.2750 
.1250 
5.C&25 
1.1000* 
.3500 
6.2750 
1.7500 
1.2375 
6.5625 
1.5250' 
1.1500 
* 
4.1375 
.8875% 
.7375, 
.6125* 
5.5875 
1.6250* 
.8750, 
.5250' 
6.7500 
2.2250^  
1.7125 
.4750 
** 
6,7875 
1.7500* 
1.3750 
.2250 
p < .01. 
p<  .05 ,  
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For 7 yr, olds, both structure aids must be operating for significantly 
greater recall performance, For 10 yr. olds, either structure cue 
results in greater recall performance, with a combination of cues 
resulting in the most optimal recall performance. 
It is clear from the present analyses that mnemonic structure was 
most effective for adolescent ^ Se All childhood Ss required both the 
structure aids for most successful list recall, and late childhood Ss 
(lO yr. olds) recalled significantly more words if either organizational 
cue was available than if no such structure existed. Adolescent Ss in 
the present study performed the same as adult Ss (Glanzer & Meinzer, 
1967)J mnemonic structure facilitated information recall. Children, 
as indicated by the present findings, have not learned the significance 
of mnemonic structure as an aid in organizing information. The within 
age findings support the hypothesis of developmental changes in control 
processes. The between age findings, reflecting a general developmental 
trend (7 < 10 < l4, 17) under all conditions, confound capacity with 
strategy in effective STM storage. That is, employing number correct 
as a dependent variable, consistent between age findings over experimental 
conditions (Table 11) suggest that differential control processes may 
be confounded with capacity effects. As in experiment 1, assessment of 
strategy employment and related accuracy was conducted in an attempt to 
delineate the effects of capacity and strategy. 
Frequency percentages of each recall strategy for Al, Ul, A3, and 
U3 conditions, age, and aex are presented in Appendix D, Summary data 
on the frequency of strategies employed and related accuracy of recall 
for the four conditions are presented in Table 13» 
Table 13» Compaidson of accuracy and order of report under experimental conditions. 
Percentages in parentheses indicate accuracy of recall associated with strategy 
employment (TB = temporal backward, TF = temporal forward, EB = ear backward, 
E + T = ear plus temporal, EF = ear forward, and T + E = temporal plus ear) 
Frequency of strategy employment 
Condition 
A1 
U1 
TB TF EB E + T EF T + E 
7 .31 (.44) .05 (.41) .24 (.35) .24 (.46) 
10 .60 (.66) .08 (.64) .04 ( . 63 )  «10 (.56 
14 .69 (.79) .22 (.86) .03 (.38) .04 (.83) 
17 .59 (.88) .29 (.80) .00 .04 ( . 51 )  
7 .15 (.39) .37 ( . 36 )  .22 (.45) .12 (.38) .13 
10 .28 (.46) .19 (.44) «16 (.47) 0O6 (.38) .24 
14 .36 (.62) .18 (.51) .14 (.55) 0O7 (.52) ,18 
17 .31 ( . 67 )  .07 (.59) .13 (.63) .12 (.58) .26 
A3 
A1 
7 .79 (.54) .05 
10 .66 (.68) .27 
14 .73 (.83) .24 
17 .54 (.87) .42 
7 .40 (.46) 
10 .45 (.63) 
14 .44 (.63) 
17 .40 (.71) 
.22 (.30) 
.05 (.48) 
.05 (.44) 
.03 (.57) 
.17 (.46) 
.11 (.52) 
:U 
.12 (.55) 
.29 (.64) 
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Several conclusions may be drawn from the strategy assessment data. 
The temporal backward strategy was the most frequently employed response 
pattern under all conditions except Ul, This strategy is characterized 
by S recalling words temporally (dichotic pairs) in a back to front list 
order. The relatively high frequency of the temporal backward strategy 
for all ages under the Al, A3» and U3 conditions, as compared with the 
Ul condition, suggests that the Ss are organizing stimuli in accordance 
with list structure (A1 - mnemonic structure; U3 - slow rate of stimuli 
presentation; A3 - mnemonic structure and slow rate of presentation). 
Summary data in Table 13 also shows that under the combined cue condition 
(A3), only two strategies, both temporal, were employed for all ages 
(increasing use of temporal forward strategy with increasing age)» 
The A1 and U3 conditions also result in few high or moderate frequency 
strategies. Under the Ul condition, however, numerous strategies were 
employed with moderate frequencies. The ear order strategy and 
derivatives (EF, EB, E + T) were employed with higher frequencies by 
all ages under the Ul condition than any other. Under the Ul condition, 
the Ss employed the structure cue provided by dichotic presentation 
since the mnemonic and slow presentation rate properties were not 
available (similar to Experiment 1, digit findings). Thus, under the 
Ul condition — minimi structure — the S^ s did not employ a consistent 
strategy. Multiple strategy use under the Ul condition resulted in 
poorer recall accuracy as compared with consistent strategy employment 
and related recall accuracy under more structured conditions» Highest 
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recall accuracy for all ages was found under the A3 condition in which 
both mnemonic and slow presentation properties existed. 
Recall from DL studies employing adult Ss, that information (digits) 
presented binaurally and at a slow rate results in the temporal forward 
strategy; i.e., reporting simultaneously presented pairs in the order 
of arrival, Bryden (1964), employing adult Ss in a DL study utilizing 
high frequency words, found that the temporal forward strategy was the 
most frequent order of report when the words were presented at a slow 
rate (l pr,/ 2-sec,), Under a faster rate of presentation (l pr,/ l-seca), 
adult Ss employed ear forward (,36) and temporal forward (.40) strategies 
with almost the same frequency. The Ss in the present experiment did 
not indicate this relationship under the relevant U1 and U3 conditions 
(see Table 13), That is, the present Ss employed a back to front order 
rather than a front to back order of list recall. It is important to 
emphasize that while the present Ss did not indicate the ear or temporal 
forward strategies as reported by adult Ss, the structure aids of 
associated words and slow presentation rate did consistently effect 
order of reports 
The within group strategy findings support Interna and Trask's (1963) 
search — retrieval process hypothesis: varying stimulus characteristics 
provide S with storage-retrieval cues (digits - ear forward; associated 
words - temporal backward; 3-sec, presentation rate - temporal backward). 
Regarding rapid dichotic presentation of digits and unassociated words 
as providing a characteristic for organization, it is apparent that 
Broadbent's switching hypothesis is a component of the more general 
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search process. That is, order or report is determined by at least 
the following relations between binaurally presented stimulii spatial, 
temporal, and associative. Garner (l970) has, perhaps, presented the 
best argument for emphasizing the stimulus and the multiprocess organism 
in information processings "One of the most important variables in 
determining how the organism will process information is the nature of 
the input itself, the very thing that has received so little attention 
in our research" (p, 351)• Thus, as is implicit in Yntema and Trask's 
search — retrieval model, to understand how the human (child, adolescent, 
adult) processes information requires knowledge of the properties or 
characteristics of the perceived stimuli. 
There are several between age conclusions that are based on the 
strategy data. As presented in Table 13, the following between age 
differences are noted; 
(a) A1 conditions ? yr, olds do not employ the optimal temporal 
backward strategy as frequently as older Ss. The youngest Ss 
employ the less efficient ear backward strategy more 
frequently than older Ss, Accuracy of recall for 7 and 10 
yr, olds is lower than for older Ss regardless of strategy 
employed. 
(b) U1 conditions 7 yr, olds employ the temporal backward 
strategy less frequently and the ear backward strategy more 
frequently than older Ss, Accuracy of recall for 7 and 10 
yr» olds is lower than for older Ss regardless of strategy 
employed, 
(c) A3 conditions Only two strategies, both temporal, were 
employed by all Ss» With increasing age, the temporal 
forward strategy was more frequently employed<, Accuracy of 
recall for 7 and 10 yr. olds is lower than for older Ss 
regardless of strategy employed. 
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(d) U3 condition: 7 yr. olds employ the temporal backward 
strategy and a derivative (T + E) less frequently, and the 
ear backward strategy more frequently than older Ss, 
Accuracy of recall for 7 yr« olds is lower than for older 
Ss regardless of strategy employed. 
The above between age findings aid in delineating capacity and 
strategy effects through childhood and adolescence. The youngest Ss 
(a) employ optimal strategies less frequently and (b) less efficient 
strategies more frequently than older Ss» This finding supports the 
developmental change-in-control processes hypothesis. The finding 
that 7 yr. olds are less accurate with optimal strategies than older 
Ss supports the developmental capacity limit hypothesise Since 10 
yr, olds employ optimal strategies under the varying structure conditions 
as frequently as older Ss, hypotheses 1 and 2 are partially supportedj 
Through childhood, there are significant changes in both STS storage 
capacity and strategy of recall and search processes. Finally, the 
finding that 10 yr. olds are less accurate with optimal strategies than 
older S^ s suggests that late childhood S s have a more limited STS 
capacity than adolescentsa 
Experiment 2b; Free Recall -- Monaural Stimuli — 
of Associated-Unassoclated Nouns at Two Rates of Presentation 
The two list characteristic variables — mnemonic structure and 
presentation rate — utilized in the dichotic tasks were included in 
the present monaural tasks. This experiment was conducted to assess 
the list structure effects on monaural tasks, and possible developmental 
relationships between STS - LTS abilities, as suggested by Glanzer's 
two storage model. As in the binaural tasks, Ss in all monaural conditions 
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were free to recall Information (nouns) in an order of their choice. 
The Ss* total number of correct responses in the monaural presentation 
conditions were subjected to a repeated measures 4-way ANOV (age x sex x 
associative structure x presentation rate) and the summary of this 
analysis is presented in Table 14. The results of the monaural task 
are presented in Figure 12. Main effects age, associative structure, 
and presentation rate were found to be significant. As in earlier 
analyses, sex was found to be non-significant. The magnitude coefficients 
(see Table 14 and Figure 13) suggest that age and associative structure 
main effects are dominant to presentation rate. Table 15 presents Scheffe 
mean comparison differences for the free recall monaural conditions. 
Several conclusions may be made from the ANOV and mean comparison 
tables. First, under all four conditions, a developmental trend in 
recall of serial lists exists; specifically, significant differences 
were found between 7, 10, and l4 yr, olds. Only the 14-17 yr, old 
mean differences under all conditions are non-significant. It is noted, 
however, that 17 yr. olds did recall noticeably more infornation than 
14 yr, olds. The significant developmental trend (7 < 10 < 14, I7) 
found under all conditions is similar to that found in previous free 
recall studies with children and adolescents. Vaughn (1968) and Wachs 
(1969) found that between 7-12 yrs. of age, 
... there appears to be a generally linear increase in 
children's performance on free recall learning tasks, though 
this rate of increase seems to reach statistical significance 
only when non-adjacent age groups are compared. This rate of 
increase in words recalled becomes less as children get older 
to the point at which children at age l4 and children at age 
18 show no significant differences in the number of words 
recalled (Wachs & Gruen, 1970, p« l). 
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Table 14, Analysis of variance of nouns recalled in a monaural 
task with age, sex, associative structure, and presentation 
rate as variables. 
Source SS df MS F r^  
Between Ss 1697.2904 79 
Age (A) 1445.6872 3 481.8957 144.6656* .80 
Sex (S) 1.7743 1 1.7743 .5327 
Error 249.8289 75 3.3311 
Within Ss 1765.6776 1200 
Association 
(Ass.) 368.8544 1 368.8544 378.8562* .80 
Presentation 
rate (PR) 107.5000 1 107.5000 110.4150* .55 
Ass, x PR 15.0856 1 15.0856 15.4947* 
A X Ass. 25.0616 3 8.3539 
*
0
 00 00 
A X PR 9.(&08 3 3.0203 3.1022** 
A X Ass. X PR 1.3744 3 .4581 .4706 
Replicates 1016.7500 960 
Srror"^  221.9908 228 .9706 
Total 3462.9680 1279 
* p < .001. 
includes A x S interaction, 
includes S interactions. 
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Table 15. Significant differences among age and condition means; 
total nouns recalled 
Age Experimental conditions 
U1 U3 A3 A1 
7 3.2000 <* 3,7000 4.1875 3.9125 
A A A A 
10 4.0375 < 5.1500 < 6.0250 > 5.4375 
A A A A 
14 5.1500 < 5.9875 < 7.0125 6.7375 
17 5.4375 < 6.1750 < 7.2125 6.9000 
* p < o05; all other significant differences at p < =01 level. 
The 7 < 10 < 14, 17 finding for monaural conditions is similar to the 
developmental trend observed for binaural conditions (Experiment 2a). A 
more detailed discussion of cross-experimental findings will be given 
in a later section. A second experimental finding reflects the magnitude 
coefficients presented in Table l4. All Ss recalled significantly 
more information when serial lists included mnemonic structure. And, 
except for 10 yr. olds, this relationship held regardless of the 
presentation rate. For 10 yr. olds, A1 recall performance was significantly 
Figure 13» Relative dominance of age, 
associative structure, and 
presentation rate main effects 
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poorer than A3 recall performance and significantly greater than either 
U1 or U3 recall performance« 
Significant interactions include age x associative structure, age x 
presentation rate, and associative structure x presentation rate. These 
interactions are most clearly observable in Figure 13 and Table 15! Age 
X associative structure — As illustrated in Figure 13, the slope of 
the associated-unassociated word curves increases with increasing ageo 
In fact, there is little difference in associated-unassociated curve 
slopes for 10, 14, and 1? yr. olds. The significant age x associative 
structure Interaction is interpreted by the effect of mnemonic structure 
across ages. Associative structure, as an organizational cue, has 
minimal (but significant) effect on the free recall of 7 yr. olds* 
relative to older Ss, Age x presentation rate — For 7» 14, and 17 yr. 
olds, the slopes of the 1-seCo - 3-seCo presentation rate curves in 
Figure 13 are sinilaro For 10 yr, olds, however, the slope is much 
steeper. The steeper slope of 10 yr. olds reflects the significantly 
better recall for this age group under the A3 condition relative to 
under the A1 condition. As can be seen in Table 15, the A3 > A1 relation­
ship exists only for 10 yr. olds. Although the 3-sec« > l-sec. 
presentation rate relationship was found for all ages under the 
unassociated word conditions, under the associated word conditions only 
10 yr. olds perforjied significantly better with slow presentation of words. 
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Associative structure x presentation rate — For all ages, the slopes 
of the U1-U3 curves in Figure 12 are steeper than the slopes of the 
A1-A3 curves. This relationship is also delineated in Table 15s for 
all ages, U1 < U3; for 10 yr, olds only, A3 > Al. Although 10 yr. olds 
did perform significantly better under the A3 condition relative to the 
Al condition, they performed significantly better on either of these 
conditions in comparison with U1 or U3 performance» Thus, the associative 
structure x presentation rate interaction is interpreted as follows; 
slower presentation of stimuli is more effective under unassociated 
word list conditions than associated word list conditions» That is, all 
Ss perform significantly better under associated word list conditions, 
regardless of presentation rate, than unassociated word lists* Presentation 
rate is a significant organizational factor for all Ss when mnemonic 
structure is unavailable. 
As in the previous dichotic list experiments, frequency percentages 
were computed for each recall strategy employed under the Al, Ul, A3, 
and U3 monaural conditions. Summary data on the frequency of strategies 
employed for age-sex groups are presented in Tables 16-19. 
The differential use of strategies with high and moderate frequencies 
by the various age groups may be summarized in relation to the four 
experimental conditions: 
Al: 7 yr, olds - BM (.54), MB (.1?); 
10 yr. olds - BMF (.31), BM (.!?), Mis. (.24); 
14 yr. olds - BMF (.50), FMB (.26); 
17 yr. olds - FMB (.38), BMP (.33), Mis. (.20). 
Ul: 7 yr. olds - BM (.34), B (.28), MB (.18); 
10 yr. olds - MLs. (.25), BF (.20), BM (.17), BMF (.13); 
14 yr. olds - BMF (.37), Mis. (.18), FMB (.17), BPM (.14); 
17 yr. olds - MLs. (.28), BMF (.26), FMB (.23), BPM (.12). 
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Table 16. Strategy frequencies for age - sex groups under the A1 
condition (F = front - beginning - serial positions; M = 
middle serial positions; B = back-end - serial positions) 
Age Sex 
10 
14 
Strategy frequencies 
B BM BF BFH BMF FMB MB Mis. 
,13 .50 .05 .05 .03 .05 .13 .08 
.05 .58 .00 .00 .05 ,00 .20 .13 
M ,00 .13 .08 .10 .33 .08 .03 .28 
F ,00 .20 .05 .13 .28 ,15 ,00 .20 
M .00 .10 .00 .10 .45 .23 .00 .13 
F .00 .03 .00 ,10 .55 .28 .00 .03 
M .00 ,00 .00 .10 ,23 .43 .00 .25 
17 
F .00 .03 .00 ,08 .43 .33 .00 .15 
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Table 17. Strategy frequencies for age - sex groups under U1 
condition 
Strategy frequencies 
Age Sex 
B BM BF BFM BMF PMB MB Mis. 
M .25 ,38 .18 .00 ,05 .00 .10 .05 
7 
F .30 .30 .05 .03 .03 .00 .25 .05 
10 
14 
17 
M .03 .10 ,25 .05 .18 .05 .05 .30 
F .13 .23 .15 .03 .08 .15 .05 .20 
M .00 .05 .18 .18 .35 .10 .00 .15 
F .00 ,05 .05 .10 .38 .23 .00 .20 
M .00 .00 .10 .15 .23 .28 .00 .25 
F .00 .08 .10 .08 .28 .18 ,00 ,30 
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Table 18. Strategy frequencies for age - sex groups under A3 
condition 
Strategy frequencies 
Age Sex 
B BM BF BFM BMF FMB MB Mis. 
M .15 .35 .13 .00 .18 .05 .10 .05 
7 
10 
14 
F .13 .43 .05 .08 ,08 .00 .13 .13 
M .00 .08 .05 .10 .43 .15 .05 .15 
F .00 .13 .03 .08 .38 .20 .03 .18 
M .00 .00 .03 .08 .48 .28 .03 .13 
F .00 .03 .00 .15 .48 .25 .00 .10 
M ,00 .00 ,00 .20 .35 .40 .00 .05 
17 
F ,00 .00 .00 .08 .30 .40 ,00 ,23 
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Table 19. Strategy frequencies for age - sex groups under the U3 
condition 
Age Sex 
7 
10 
Strategy frequencies 
B BM BF BPM BMF FMB MB Mis, 
M .18 . 30 .13 . 08 . 08 . 03 . 00 .23 
F .03 .33 .13 .03 .10 .03 .13 .25 
M .03 .05 .08 .10 .25 .13 .10 .28 
F .00 .05 .03 .20 .23 .18 .08 .25 
M .00 .03 .05 .20 .25 .25 .00 .23 
14 
F .03 .05 .05 .10 .28 .40 . 00 .10 
M .00 .05 .08 .08 .25 .35 .00 .20 
17 
F .00 .03 .03 .18 .18 .48 .00 .13 
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A3, 7 yr. olds - BM (.39), B (.14), BMF (.13), MB (.12); 
10 yr. olds - BMF (.4l), FMB (.18), His. (.1?); 
14 yr. olds - BMF (.48), FMB (.27), BFM (.12), Mis. (.12); 
17 yr. olds - FMB (.40), BMF (.33), BFM (.14), Mis. (.14). 
U3( 7 yr. olds - BM (.32), Mis. (.24), BF (.13); 
10 yr. olds - Mis. (.27), BMF (.24), FMB (.16), BFM (.1$); 
14 yr. olds - FMB (.33), BMF (.27), Mis. (.17), BFM (.15); 
17 yr. olds - FMB (.42), BMF (.22), Mis. (.17), BFM (.13). 
Several interesting conclusions may be drawn from the monaural 
conditions strategy data. First, it is apparent from the strategy 
data that Ss in all age groups and under all conditions tended to retrieve 
the last few words in the list immediately (i.e., B, BM, BMF). Fourteen 
and 17 yr. olds also employed the FMB strategy frequently; i.e., recalled 
words in order of arrival. The following within age, between conditions 
findings are observable in the strategy tables. Seven yr. olds employed 
the BM strategy under all conditions more frequently than any other 
order of report. Under the unassociated list conditions (Ul, U3), the 
BM strategy was augmented by the B (Ul condition) and Mis, (U3 condition) 
strategies. It is noted from the previous mean comparison table (Table 
15) that the unassociated conditions, in comparison to the associated 
conditions, resulted in significantly poorer recall performance. Thus, 
for 7 yr. olds, (a) the B and Mis. strategies are less efficient than the 
BM strategy and (b) these less optimal strategies were employed with 
moderate frequency when mnemonic structure was unavailable. Ten yr. olds 
employed the BMF strategy with high frequency under the associated word 
list conditions. As was the case with younger Ss, the associated word 
list conditions resulted in greatest recall performance. Under the 
unassociated word list conditions, 10 yr, olds resorted to the less 
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efficient BM, BF (Ul condition) and Mis, (Ul and U3 conditions) 
strategies. Fourteen yr. olds employed the BKF strategy with high 
frequency and the FMB strategy with moderate frequency under the 
associated word list conditions• The BMF strategy was employed less 
frequently under the unassociated conditions, and augmented by the less 
efficient Mis. order of recall» Finally, j[T. olds employed both the 
BMF and FMB strategies with high - moderate frequencies under all 
conditionsp These optimal strategies were employed less frequently in 
the Ul condition as compared with the other word list conditions. Also, 
under the Ul condition, 1? yr. olds resorted to the Mis, order of recall 
more frequently than in any other condition. 
The above within age strategy findings relate to two interesting 
between age conclusions» First, the 7 yr. olds' BM strategy is a component 
of the more optimal BMF strategy employed by older Ss, That is, 7 yr» 
olds recalled information from the end of the serial list immediately 
and then recalled words from the middle positions of the list. Older 
Ss followed the same retrieval pattern, plus recalling words from the 
front or beginning positions of the word list (BMF strategy). Ten yr, 
olds, while indicating moderate use of the BMF strategy, also employed 
the BM (ai, Ul conditions) and random (all conditions) strategies with 
moderate frequencies, A second between age conclusion is that adolescent 
Ss employed both BMF and FMB strategies with moderate to high frequencies 
under all conditions. These strategies are, basically, antithetical. 
That is, the BMF order of recall is characterized by ^  recalling list 
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words from the back to the front. The FMB order of recall is 
characterized by S recalling list words in order of arrival. 
The within and between age strategy findings relate to (a) Atkinson's 
STS - LTS model discussed above, and (b) the third research hypothesis 
which concerns developmental changes in STS - LTS abilities. Atkinson's 
model incorporates two memory structures and related processes: STS 
and LTS. According to the two-stage memory model, S's retrieval of the 
end list items represents STS processing, and retrieval of words from 
the beginning and middle of the list represents LTS processing. Following 
the two-store memory theorists, infornation first enters STS and is held 
there temporarily. Eventually, information enters LTS or is lost. The 
significant developmental trend (7 < 10 < l4, 1?) observed in the present 
experiment may be discussed in terms of changes in STS - LTS control 
processes over age. Seven yr. olds employed a strategy — BM — which is 
only a component of the more optimal BMP strategy employed by older Ss. 
According to the two-stage memory models, 7 yr. olds are not capable of 
transferring as much information to LTS as older Ss. In fact, 7 yr, olds 
appeared to disregard beginning list words. Ten yr, olds, although 
employing the more optimal BMP strategy with a high frequency under the 
A3 condition and a moderate frequency under the A1 condition, resorted to 
the less efficient random strategy under all conditions® Under the 3-sec, 
presentation rate conditions, 10 yr. olds employed the optimal FMB 
strategy with moderate frequencies. Since the adolescent Ss employed 
the optimal BMF and FMB strategies more frequently under all conditions 
90 
than 10 yr, olds, it appears that the younger Ss have not fully developed 
control processes associated with STS - LTS information transfer. When 
both list structuring cues — mnemonic structure» 3-sec. presentation 
rate — are available, 10 yr. olds do employ the optinal BMP and PMB 
strategies most frequently. For older Ss, the strategy data suggest 
that the slower presentation rate results in high - moderate employment 
of the F MB strategy. One explanation for employment of this strategy 
under the 3-sec. presentation rate conditions is that adolescents are 
able to rehearse the material in order of arrival more effectively. 
The finding that the BMF was employed more frequently under the A1 and 
A3 conditions in comparison to the U1 condition, indicates that nrnemonic 
structure is an effective cue for organizing information and retrieving it 
from long term storage,, 
The Ss performance on the monaural free recall tasks was also 
analyzed for associative structure and/or presentation rate variable 
effects on serial position. The present analysis was conducted to test 
Atkinson and his associates' memory model. More specifically, this 
analysis tests Glanzer and his associates' application of Atkinson's 
structure - process model to free recall performance. Glanzer assumes 
that (a) the beginning peak of the classic seirial position curve reflects 
output from LTS processes, and (b) the end peak reflects output from 
STS processes. Thus, recall from the beginning of the list represents 
LTS processing and recall from the end of the list represents STS 
processing. Glanzer and his associates, employing adult Ss in numerous 
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studies, found that presentation rate and/or mnemonic structure affects 
the beginning portion of the serial position curve (reflecting LTS) 
only. In analyzing the Ss performance in the present study, a repeated 
measures 5-way ANOV (age x sex x serial position x associative structure 
X presentation rate) found only the sex main effect to be non-significant. 
The summary data in Table 20 presents the significant main effects as 
well as significant interactions. It is noted that this analysis was 
only descriptive» as the homogeneity of cell variance assumption was not 
met for any group at various serial positions» Because of the homogeneity 
rejection, the Greenhouse and Geisser procedure for conservative 
F-ratios and a posteriori (Scheffe") comparisons among means was used» 
Main effect magnitude coefficients illustrate the relative dominance of 
age, serial position, and associative structure variables (see Table 
20), The position results are presented in Figures 14-1? in terms of 
proportion correct recall. 
Significant main effects age, associative structure, and presentation 
rate and significant interactions age x associative structure and 
associative structure x presentation rate were discussed following the 
preceding 4-way ANOV (Table l4). The significant serial position effect 
represents differential accuracy of recall over the eight serial 
positions. Differential accuracy over serial positions is observable 
in the serial position curve figures (Figures 14-17) and Figure 18, 
Between age comparisons of accuracy over serial positions under the four 
experimental conditions requires the reader to observe Figures 14-1?« 
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Table 20, Analysis of variance of nouns recalled in a monaural task 
with age, sex, position, associative structure, and 
presentation rate as variables 
Source SS df MS 
Between Ss 211.3569 79 
Age (a )  180.3816 3 60.1272 147,5876* ,80 
Sex (S) .4180 1 .4180 1,0260 
Error"^  30.5574 75 .4074 
Within Ss 2039.4795 10160 
Serial position 
(SP) 237.5712 7 33.9387 200.1103* ,80 
Association 
(Ass.) 46.4728 1 46,4728 274,0412* 
.75 
Presentation rate 
(PR) 13.3808 1 13.3808 78.8962* .50 
SP X Ass, 14.6176 7 2,0882 12.3125* 
SP X PR 9.9720 7 1,4246 
%
 0
0
 CO 
Ass, X PR 1.8552 1 1.8552 10.9387* 
SP X Ass, X PR 9.0096 7 1,2871 7.5890*** 
* p < .001. 
p < .005. 
*** p < .01. 
"+ includes A x S interaction. 
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Table 20. continued 
Source SS df MS F 
A X SP 115.7480 21 5.5118 32.4988* 
A X Ass. 3.2072 3 1.0691 6.3037* 
A X PR 1.1776 3 .3925 2.3143 
A X SP X Ass, 3.9920 21 .1901 1.1209 
A X SP X PR 6.5960 21 .3141 1.8520 
A X Ass, X PR .1648 3 .0550 .3243 
A X SP X Ass. 
X PR 2.6048 21 .1240 .7314 
Repli cates 1152.4800 
0
 
00 
Error++ 420.6303 2480 .1696 
Total 2250.8364 10239 
includes S interactions. 
An example of between age comparisons under one experimental condition 
(A1) is illustrated in Figure 19. As illustrated In Figure 18, the 
end list items (positions 7 and 8) are recalled with highest accuracy, 
followed by middle - end positions $ - 6, beginning list positions 
1 - 3« and middle position 4. These accuracy - position relations are 
consistent with the findings that the dominant strategy across ages was 
BHF (B, BM) and that adolescent Ss also employed the FMB strategy with 
high - moderate frequencies. 
Figure i4, 7 yr. old Ss serial position curves 
for associative structure and presentation 
rate conditions 
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Figure I5. 10 yr» old Ss serial position curves 
for associative structure and presentation 
rate conditions 
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Figure 16„ yr, old Ss serial position curves 
for associative structure and presentation 
rate conditions 
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Figure 17, 17 yr» old Ss serial position curves 
for associative structure and presentation 
rate conditions 
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Figure 18. Levels of associative structure and 
presentation rate variables, with the 
age confounded 
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Figure 19, Between age comparisons of accuracy 
over serial positions for A1 condition 
Position 
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Significant interactions not included within the 4-way ANOV 
include age x serial position, serial position x associative stnicture, 
serial position x presentation rate, and serial position x associative 
structure x presentation rate. These between - within and within S 
1 
interactions may be interpreted from the serial position figures 
(i4-17), Figure 18, and serial position Tables 21 (between age, within 
conditions mean comparisons) and 22 (within age, between conditions mean 
comparisons)8 The significant age x serial position interaction is 
interprétable from the serial positions figures and Table 21, Seven 
yr, olds, under all experimental conditions, consistently recall 
significantly fewer woids from the beginning of the list (serial positions 
1-4) than older Ss. There are no consistent significant differences among 
the age groups over serial positions $-8 under any list condition. In 
fact, only two significant age recall differences were found for positions 
5-8 and the four experimental conditions, suggesting a ceiling effect 
(see Table 21), As illustrated in Figure 7 yr, olds do not indicate 
a primacy effect in any experimental condition. These ^ s did indicate 
a recency effect under all conditions, as did older Ss. The significant 
serial position x associative structure interaction Is delineated in 
Figure i8 and Table 22, First, end position (? and 8) words from either 
associated or unassociated lists are recalled with greater accuracy than 
middle - end (5 and 6), beginning (l-3), and middle (4-) position words. 
Second, the slopes for the associated-unassociated word curves are much 
steeper in the middle serial positions than either the end or beginning 
serial positions» No significant associated-unassociated word differences 
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Table 21, Significant Scheffe between age, within conditions mean 
comparison differences for serial positions 1-8, Significant 
levels are presented in parentheses 
Serial 
Conditions Position Ages 
A1 7 < 10, 14, 17 (,01) 
7 < 10, 14, 17 (.01) 
10 < 17 (.05) 
7 < 10, 14, 17 (,01) 
10 < 14 (.05), 17 (,01) 
7 < 14, 17 (.01) 
a3 7 < 10, 14, 17 (.01) 
7 < 10, 14, 17 (.01) 
7 < 10, 14, 17 (.01) 
10 < 17 (.05) 
7 < 10, 14, 17 (.01) 
10 < 17 (.01) 
7 < 14 (.05) 
108 
Table 21, continued 
Conditions 
Serial 
Position Ages 
U1 
4 
5 
7 < 10, 14, # (,01) 
< 17 (,01) 
14 < 17 (.05) 
7 < 14, 17 (.01) 
10 < 17 (.01) 
14 < 17 (.05) 
7 < 14, 17 (.01) 
10<l\.0l). 17 (.05) 
7 < 17 (.05) 
7 < 14 (.05) 
U3 
3 
4 
7 < 10, 14, 17 (.01) 
7 < 10 14, 17 (.05)' (.01) 
10 <17 (.05) 
7< 10,14,17 ^ ,01) 
7 •= " (.01) 
^ (.05) 
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Table 22, Significant Scheffe within age, between conditions mean 
comparison differences for serial positions 1-8» Significant 
levels are presented in parentheses 
Serial 
Age Position Conditions 
4 
6 
(.01) 
(.01) 
(.05) 
10 2 
4 
5 
6 
 ^ (.05)' (,05)' (.01) 
(.01)' (.05) 
"1 (.01) 
U1 < A3 (.01) 
14 1 
2 
4 
6 
U1 < U3, A) (,01) 
( .01)'  ( .05)'  (.01) 
^ ( .05)'  ( .01)'  ( .01) 
(.05) 
"3 (.05) 
17 4 
6 
U1 < U3J A1J A3 
W<*3 (.05) 
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were found for any age at serial positions 1, 3, 7, or 8 (see Table 22), 
It can be seen in Figure 18 that the significant serial position x 
presentation rate is similar, in terms of the serial position curves, 
to the serial position x associative structure interaction» Recall of 
end position words under 1- and 3-sec. presentation rate conditions is 
greater than beginning or middle position words. The 1-sec, - 3-sec« 
curve slopes are steepest for beginning word list positions. Presentation 
rate curves for the end positions are, however, relatively flat» The 
3-secB presentation rate conditions, relative to 1-seCe presentation rate 
conditions, result in better recall of words at the beginning of the 
list when age is confounded. Finally, the significant serial position x 
associative structure x presentation rate interaction reflects the 
previously discussed serial position x associative structure and serial 
position x presentation rate interactions in which age is a confounded 
variable» Although the end position words are recalled with highest 
accuracy regardless of experimental condition (associated.-unassociated 
words, 1-sec, - 3~sec, presentation rate), the associative structure 
and presentation rate variables differentially affect word recall accuracy 
across beginning and middle serial positions, Associated-unassociated 
curve slopes, in comparison to 1- and 3-sec, presentation curve slopes, 
are steeper for serial positions 4, 5» and 6. For position 1, the 
presentation rate curve is steeper than the associative structure curve. 
And, for positions 2 and 3, there is little difference in associative 
structure - presentation rate curve slopes. 
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When age is confounded with serial position, associative structure, 
and presentation rate, the serial position curve resembles the classic 
serial position finding for free recall task performance — primacy and 
recency effects. This function is observable in Figure l8 where accuracy 
of word recall for each serial position is plotted for each variable 
level. Unconfounding the age effect (see Figures 14-1? and Tables 21 
and 22), however, provides a more accurate analysis of primacy ai»i recency 
effects. Since the major emphasis of this research is developmental 
description, an accurate description of age and serial position effects 
is mandatory» Likewise, the age - serial position effects relationship 
provides an empirical test of Glanzer's two-stage, two serial position 
curves model. Recall that Glanzer interprets recall of beginning words 
in a list as representing LTS output and recall of end words as representing 
STS output. Studies conducted by Glanzer and his associates indicate 
that both presentation rate and mnemonic structure affect recall of 
beginning list words only. In the present experiment, the primacy effect 
was not detected for 7 yr« olds under any condition (Ul, Al, U3, A3) 
(see Figure l4). As can be seen in Table 22, no significant differences 
were found among conditions for the beginning word list positions. One 
interpretation of these findings is that 7 yr« olds have not developed 
adequate control processes for STS - LTS information transfer. That is, 
the structuring cues of associated words and slow presentation rate 
(serial rehearsal) are not employed by young children in organizing 
information for relatively long term storage. The implication of the 
depressed beginning words curve function for 7 yr, olds under conditions 
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Al and A3» as well as conditions U1 and U3» is that these children do 
not transfer information to LTS when new information is encoded into 
STS, Seven yr« olds, as depicted in Table 21, do not significantly 
differ from older Ss in recall of words from serial positions 3-8» This 
finding suggests that short-term storage output, as defined by two-stage 
models, of monaurally presented information does not significantly differ 
through childhood and adolescence. 
The age mean comparisons in Table 22 suggest that mnemonic structure 
and/or presentation rate do not consistently affect LTS, operationalized 
by Glanzer as the beginning peak of. the serial position curve (initial 
positions of word lists), in any age groupo No such stable variable 
effect was found for ? (positions 4 and 6 affected) or 17 yr. olds 
(positions 4 and 6 affected)» Although associated nouns and/or 3-sec, 
presentation rate did result in significantly greater recall in 10 and 
14 yr, old Ss, these variables affected the beginnings middle and end 
word positions of the lists# As depicted in Table 22, the structure 
variables affected positions 2, 4, 5» and 6 in the 10 yr« old group 
and positions 1, 2, 4, and 6 in the 14 yr. old group « The results of 
the present experiment suggest that Glanzer's findings of associative 
structure and presentation rate affecting output from LTS can not be 
generalized to children or adolescents, 
Comparison of Multi-Experimental Findings 
Before discussing specific between experimental findings, reference 
is made to an analysis of ^  intrusion errors under dichotic and monaural 
word list conditions. Mean intrusions (Kintsch, 1970) — associative, 
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acoustic, list carry-over, miscellaneous — for each age group under 
dichotic and monaural word list conditions are presented in Table 23. 
Employing the Scheffe' mean comparison test, the following between age 
significant differences were found: (a) total intrusion errors - 7, 10 > 
14, 17 (p < .01); (b) list earn/- over errors - ?, 10 > l4, 17 (p < .01); 
and associative errors - 10 > 14, 17 (p < .05)•> No significant between 
age differences were found for acoustic errors. The significant between 
age differences found for total intrusion errors reflects the dichotic 
and monaural list findings of Experiments 2a and 2b (7 < 10 < 14, 17) « 
Children recalled fewer words from dichotic and monaural word lists, 
and made more intrusive errors than adolescents. In terms of specific 
intrusion errors, children indicated significantly more carry-over errors 
than adolescents. That is, the recall of 7 and 10 yr« olds contained 
significantly more words from previous lists than recall of adolescents. 
Ten yr, olds produced significantly more associated, non-list, words 
than eitner younger or older Ss« The error findings suggest that in 
addition to a STS capacity limit and undeveloped STS - LTS control 
processes, 7 and 10 yr. olds produced words in recall which may have 
interfered with retrieval of list words. 
One interesting cross-experiment comparison relates to the recall 
of binaurally presented digits (Experiment l) and words (Experiment 2a). 
When digits were dichotically presented (3, 4, and 5 digits per ear 
conditions), 7 yr. olds performed significantly poorer than 10, 14, and 
17 yr. olds. The dichotic word conditions (A1, Ul, A3, U3) produced the 
following significant age differences: 7 < 10 < l4, 17« Under the word 
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Table 23» Mean intrusions for each age group under dichotic and 
monaural word conditions 
Conditions 
Type of 
Intrusion Age 
Dichotic Monaural 
Dichotic 
Monaural 
Associative 
7 
10 
14 
17 
Acoustic 
7 
10 
14 
17 
Garry-over 
7 
10 
14 
17 
Misc. 
7 
10 
14 
17 
Total 
7 
10 
14 
17 
1.45 2.15 3.60 
2.15 2.43 4,60 
1.15 1.20 2.35 
1.30 1.20 2.50 
1.85 1.55 3.40 
1.20 1.30 2.50 
1.35 1.05 2.40 
1.50 .90 2.40 
2.30 3.05 5.35 
2.60 2.50 5.10 
1.20 .90 2.10 
.85 .40 1.25 
,60 .60 1.20 
.10 
.35 .45 
.10 .00 .10 
0^5 .15 .60 
6.20 7.35 13.55 
6.05 6,58 12.63 
3.80 3.15 6.90 
4.10 2.65 6.75 
20.15 19.73 
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list conditions, both 7 and 10 yr, olds recalled significantly less 
information than adolescent Ss. These findings suggest that 10 yr, 
olds, although capable of organizing minimally structured binaurally 
presented information (digits) as well as adolescents, do not utilize 
the storage - retrieval organizational cues provided under the noun 
conditions as adequately as older ^ s. 
A second cross - experimental comparison which relates to the 
above discussion concerns order of response findings in dichotically 
presented digit and word conditions « As depicted in Table 9» ear forward 
was the most frequently employed strategy under the digit conditions and 
resulted in highest recall accuracy. Under the 4 and 5 digits per ear 
conditions, the Ss also employed a random strategy which resulted in 
relatively poor accuracy of recall. Under the word conditions, the 
temporal backward strategy was the dominant strategy and resulted in 
highest recall accuracy. And, under the U1 condition, the ^ s augmented 
the temporal backward strategy with the ear backward (including 
derivations) strategy. Of the word conditions, the U1 lists condition 
is the most similar to the digits per ear conditions} i.e., information 
presented simultaneously and at a fast rate. The use of the ear forward 
strategy in dichotic digit conditions and the temporal backward strategy 
in dichotic word conditions indicates that the Ss did utilize list 
structure in organizing and retrieving information. It is also interesting 
to note that under the k and 5 digits per ear conditions all age groups 
augmented optimal strategy use with moderate to high employment of random 
recall patterns. Under the dichotic word conditions, random order of 
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responding was not employed. This cross - experiment finding is most 
likely due to S guessing in the digit conditions after he could not 
remember specific list items. Since the numbers were restricted to the 
range 1-9, the use of the random strategy suggest that the Ss did utilize 
structure provided by stimulus limits. 
It is also noteworthy that ? yr, olds did not employ optimal 
strategies under digit or word conditions with as high a frequency as 
older Ss, Also, 7 yr. olds were less accurate than older Ss in recalling 
word or digit list material regardless of strategy employed. Under word 
list conditions only, 10 yr, olds were less accurate than older ^ s 
regardless of strategy employed. These strategy findings delineate the 
significant between age differences in number of items correctly recalled; 
i,e., (a) digit conditions - ? < 10, 14, 17, and (b) word conditions -
7 < 10 < 14, 17. 
A major comparison of experimental findings concerns the recall of 
dichotic vs, monaural word lists. Employing total number of words 
correctly recalled as a dependent variable, the significant age differences 
under associative structure and presentation rate conditions for both 
dichotic and monaural presentation procedures are as followsj 7 < 10 < 1^ , 
17, Reflecting this between age relationship is the age mean recall 
consistency for word lists presented binaurally and monaurally (see Tables 
11 and 15). These cross - experimental findings indicate that the Ss 
recalled approximately the same amount of information under word list 
conditions with dichotic and monaural presentation procedures, A 
comparison of strategies employed under dichotic and monaural presentation 
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reveals a cross - presentation consistency in order of report. That is, 
under both presentation procedures, the back-to-front order of report 
was the most frequently employed retrieval pattern (dichotic conditions — 
TB; monaural conditions — BM, BMF), Under the dichotic A3 condition, 
the TF (front-to-back) strategy was employed more frequently with increasing 
age. For l4 and 1? yr. olds under the Al, U3, and A3 monaural conditions, 
the PMB (front-to-back) strategy was employed with moderate to high 
frequency. Thus, for adolescents, a combination of list structure 
variables (A3 condition) appears necessary for the rehearsal strategy 
under dichotic presentation. With monaural presentation, however, either 
associative structure or 3-sec, presentation rate (Al, U3, A3 conditions) 
results in the front-to-back rehearsal strategy. 
Since the temporal strategies are employed by all age groups with 
moderate to high frequencies under word list conditions presented 
dichotically and monaurally, a comparison of serial position curves is 
appropriate. Dichotic and monaural presentation serial position curves 
are presented in Figures 20-23. It is difficult to compare serial 
position curves for dichotic and monaural lists since in the dichotic list, 
pairs of words were presented simultaneously. Which is the first serial 
position? One reasonable solution Is to compare serial position curves 
for dichotic and monaural lists in terms of output order in recall as 
the back-to-front strategy is dominant in both presentation procedures. 
One exception to this match-up is the moderate to high employment of ear 
strategies under the U1 dichotic condition. The curve-matching in Figures 
20-23 incorporates the ear strategies under the U1 condition arai is 
Figure 20, 7 yr, old serial position curves 
for dichotic (open circle) and 
monaural (closed circle) presentation 
procedures 
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Figure 21, 10 yr, old serial position curves 
for dichotic (open circle) and 
monaural (closed circle) presentation 
procedures 
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Figure 22, 14 yr, old serial position curves 
for dichotic (open circle) and 
monaural (closed circle) presentation 
procedures 
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Figure 23. 1? yr» old serial position curves 
for dichotic (open circle) and 
monaural (closed circle) presentation 
procedures 
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discussed below. For all age groups, serial position curves for dichotic 
conditions Al, U3, and A3 were plotted in the following manner. Serial 
position (SP) 1 = output from secondary channel (SC) That is, SPl 
refers to the first word in the second half-span recalled. Employing 
the temporal backward strategy, S recalled the first word in the second 
half-span last. Likewise, the first word in the first half-span (primary 
channel, PC) was recalled second to last (serial position 2), This 
plotting procedure simply indicates that words recalled initially in 
free recall are plotted at the end positions of the abscissa and words 
recalled last are plotted at the beginning positions of the abscissa. 
This procedure for dichotic word lists reflects the basis for monaural 
word list serial position curves; i.e., end serial positions represent 
output from STS (words immediately recalled) and beginning - middle 
serial positions represent output from LTS, The dichotic word list 
serial position curves for the Al, 1)3, and A3 conditions reflect the 
following response output: SPl = S4, SP2 = P4, SP3 = S3, SP4 = P3, 
SP5 ° S2, SP6 = P2; SP7 •= SI, SP8 PI. Thus, SPl represents recall 
accuracy of the last presented word in the SC, SP2 represents recall 
accuracy of the last presented word in the PC, etc. For all age groups, 
serial position curves for the U1 dichotic condition (ear strategies) 
reflects the same plotting procedure employed for Figures 6-9 in 
Experiment 1; SPl = 81, SP2 = S2, SP3 =• S3, SP4 = S4, SP5 = PI, SP6 » P2, 
SP? . P3, SP8 = P4. 
The dichotic and monaural curves illustrated in Figures 20-23 are 
strikingly similar with several apparent discrepancies. The only consistent 
127 
discrepancy was in the U2 condition. For l4 yr, olds the U3 discrepancy 
between dichotic and monaural curves at position 3 reflects the relatively 
large difference in recall under dichotic - monaural conditions (.62) 
in favor of monaural presentation. Under the U3 condition, the discrepancy 
between monaural and dichotic curves at serial positions 1 and 2 increases 
with increasing age. This finding reflects the increasing difference 
(monaural > dichotic) in total amount recalled between presentation 
procedures. The discrepancy in the U3 condition curves at the beginning 
serial positions (.38, .44, .95» and .77 for ages 7, 10, and 1? 
respectively) indicates that relatively slow dichotic presentation of 
words is a more difficult task than slow monaural presentation of words. 
More specifically, recall of initial list items under the U3 condition was 
less accurate with binaural presentation than with monaural presentation. 
The strategy tables for dichotic presentation (Table 13) and monaural 
presentation (Table 19) indicate that 10, 14, and 17 yr. olds employed 
the front-to-back strategy with moderate to high frequency under the 
monaural U3 condition but did not employ the strategy under the dichotic 
U3 condition. These strategy findings account for the Increasing 
discrepancy between dichotic and monaural curves at serial positions 1 
and 2 for the U3 condition. 
The overall consistency of dichotic and monaural curves under the 
four experimental conditions supports the magnitude coefficients for 
list structure variables presented in Table 10 (dichotic presentation) 
and Table 14 (monaural presentation). The magnitude coefficients for 
associative structure and presentation rate are similar in both dichotic 
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and monaural conditions: (a) associative structure - monaural) 
rm(dlchotic) '80; (b) presentation rate - r^ (monaural) '55, ^ (^dlchotlc) 
A5, Within age, between conditions relationships under both presentation 
procedures are presented in Table 24, As illustrated in Table 24, 
with dichotic presentation a combination of structure variables (associa­
tive structure and 3--sec« presentation rate) resulted in significantly 
greater recall for 7, 10, and 14 yr. olds. For 1? yr. olds, associative 
structure alone resulted in highest recall accuracy with dichotic 
presentation. When words were presented monaurally, however, the 
associative structure variable was clearly the dominant organizational 
cue; presentation rate was secondary. Thus, all age groups were able 
to organize material, utilizing associative structure, more effectively 
when information was presented monaurally. Under dichotic presentation, 
only 17 yr, olds indicated the dominant effects of associative structure 
alone. Fourteen yr» olds, although indicating the combination of variable 
effect under dichotic presentation characteristic of younger Ss (A3 > Al, 
U3s Ul), also performed significantly better under associative conditions 
(A1 > U3, Ul). 
The strategy tables for dichotic and monaural presentation of word 
lists indicate that the Ss were able to employ list structure for 
organization of information. Under Al, U3, and A3 conditions, the back-
to-front strategies were employed by all S^ s; adolescents augmented back-
to-front strategies by front-to-back (rehearsal) strategies. Under the 
dichotic Ul condition, the ear backward strategies were employed by all 
when minimal structure was available. All age groups employed optimal 
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Table 24, Between condition relationships for dichotic and monaural 
conditions at each age 
Age 
Presentation procedures 
Dichotic Monaural 
7 A3 > Al, U3, Ul A3, Al > U3 > Ul 
10 A3 > Al, U3, Ul; 
Al, U3 > Ul A3 > Al > U3 > Ul 
14 A3 > Al > U3 > Ul A3, Al > U3 > Ul 
17 A3, Al > U3, Ul A3, Al > U3 > Ul 
strategies less frequently and less efficient strategies more frequently 
under the Ul monaural conditiono As discussed earlier, with both 
presentation procedures, 7 yr« olds did not employ optimal strategies 
as frequently as older Ss and both 7 and 10 yro olds were less accurate 
in recall than adolescents. An important conclusion to be drawn from 
the dichotic - monaural presentation comparison is that all age groups, 
to varying degrees, indicated appropriate strategy use under changing 
experimental conditions, regardless of presentation procedure. Thus 
although age differences were found in number of words recalled and 
frequency of strategy employment, all age groups did consistently 
incorporate list cues, across monaural and dichotic presentation 
procedures, for information organization» 
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Finally, it is interesting to note the similarity of the dichotic 
and monaural curves for each age group under varying conditions In relation 
to the storage capacity and control processes findings discussed in 
Experiments 1 and 2a. That is, ? and 10 yr« olds indicated a more limited 
STS storage capacity and undeveloped control processes associated with 
STS than older S^ s when information was presented dichotically. As 
illustrated in Figures 20-23 « both monaural and dichotic curves are 
depressed at the beginning and middle serial positions. This curve 
depression over the beginning and middle serial positions has been 
interpreted as a result of undeveloped control processes for transferring 
information from STS to LTS, These cross - experimental findings suggest 
the following between age conclusions» Middle childhood Ss have a more 
limited STS storage capacity than older Ss for encoded information (digits, 
words) presented dichotically but not monaurally» Regardless of 
presentation procedure, ? yr, olds employ optimal strategies less 
frequently and less efficient strategies more frequently than older 
children and adolescents» Under monaural presentation conditions, the 
primacy effect is not observable for 7 yr, olds. This finding suggests 
that middle childhood Ss, employing the back-to-middle strategy, have not 
developed adequate strategies or control processes for transferring 
information (encoded serially) from short term storage to long term 
storage» Ten yr. olds, although indicating a STS storage capacity limit 
and strategy employment similar to adolescents for minimlly structured 
dichotic conditions (digits), exhibit a more limited STS storage capacity 
for dichotically presented words. When information is presented monaurally, 
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10 yr, olds indicate undeveloped control processes (reflected in order 
of report). That is, under monaural conditions, optimal strategies are 
supplemented with moderate use of the less efficient random and back-to-
middle strategies. 
General Discussion 
The findings of the study relate first to descriptive developmental 
memory trends, and second to contemporary developmental interpretations 
of cognitive behavior. Concerning developmental trends, the present 
study dealt with both memory capacity and strategy. These aspects of 
memory relate to the structure and control process components of 
information processing models (e.g., Shiffrin & Atkinson, 1969)» 
Structures of memory, as noted previously, include SR, STS, arai LTS. 
Processes, which are hypothesized to be under the individual's control, 
include information search, rehearsal, and transfer. 
The present developmental analysis of the memory construct supports 
Birren (l970) and Uohlwill's (l970) contention that construct explication 
based on restricted age samples results in confounded findings. With 
age confounded, it was observed in the present analyses that mnemonic 
structure was a more dominant organizational cue than presentation rate. 
Further, these structure variables resulted in similar strategies (TF, 
TB, BMF, FMB) regardless of presentation procedure. Only when both of 
these organizational cues were unavailable did the Ss frequently employ 
the ear strategies. The ear strategies were most frequently employed 
under the dichotic digit and unassociated, l-sec. presentation rate word 
lists. These findings suggest that dichotic presentation of information 
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is utilized as an organizational cue or tag only when the mnemonic 
structure or 3-sec. presentation rate cues are unavailable» The Ss 
ability to organize information — reflected in order of report — 
according to list structure cues, supports Atkinson's hypothesis of 
multiple control processes at S's disposal for organization and retrieval 
of information» It is suggested then, that S, viewed as an information 
processor, adopts a search plan or strategy for retrieval of stored 
information. Further, employment of a given strategy is influenced by 
organizational cues of stimulus properties» Thus, the human information 
processor is able to manipulate control processes or search strategies 
based on stimulus properties, task characteristics (digit range, 1-9, 
leading to guessing), or both. 
The within age conclusions mentioned above confound interesting age 
differences within experimental conditions» The between age findings of 
Experiments 1, 2a, and 2b suggest that there are changes in STS capacity 
limits between children and adolescents, depending on task requirements, 
and changes in frequency of optimal strategy employment over both dichotic 
and monaural presentation procedures. In terms of developmental 
interpretations of cognitive behavior, the findings support two important 
conclusions» First, middle and late childhood Ss appear to have a more 
limited STS capacity than adolescents and second, children have not 
developed optimal control processes for organization of information. The 
capacity findings support the static memory model criticism mentioned 
earlier. Specifically, information storage theorists (see Norman, 1970) 
hypothesize that STS is one of limited capacity (decay or interference 
133 
orientations). It is presently suggested that not only can STS capacity 
be species specific, but also that there are ontogenetic limits as well. 
The present cross - experimental findings suggest a developmental 
increment in STS capacity from middle childhood to early adolescence when 
dichotic digit (7 yr, olds) and word (? and 10 yr, olds) lists are the 
experimental conditions manipulated. In terms of capacity limit differences 
between children and adolescents, the error intrusion cross - experimental 
findings suggest that the interference of non-list information (? yr* 
olds - carry-over intrusions; 10 yr« olds - carry-over and associative 
intrusions) my account for such capacity results. The carry-over 
intrusions illustrate the differential effect of proactive interference 
on age groups; i.e», reflecting variable LTS control processes. Children 
produced significantly more carry-over intrusions than adolescents; 
intrusions that were caused by prior presentation of these words. The 
associative intrusions findings suggest that 10 yr. olds were affected 
more by extra-experimental learned associations than other age groups. 
Both carry-over and associative intrusions my be interpreted within the 
proactive interference model (Kintsch, 1970)» or Atkinson's postulate 
of control processes associated with LTS. According to Atkinson and 
Wickens (1969) and Shiffrin and Atkinson (1969), LTS control processes 
are primarily involved with information storage and strategy selection. 
Further, the ability to retrieve LTS information varies with time and 
interfering material. Basically, the LTS control processes aspect of 
Atkinson's model accepts both the decay (time) and interference 
(proactive, retroactive) theories of forgetting. 
I J k  
The second important conclusion relating to developmental 
interpretations of cognitive behavior concerns changes in frequency of 
optimal strategy employment through middle childhood and early adolescence. 
The cross - experimental age differences found for manipulation of control 
processes suggest quantitative rather than qualitative differences between 
memory processes of children and adolescents» The emphasis here on 
quantitative differences is similar to the emergence or cognitive progress 
hypothesis of cognitive development (Flavell & Hill, 1969)® The cognitive 
progress hypothesis may be illustrated by Bruner's three modes or 
representation (organismic systems of processing information) — 
enact!ve (action), iconic (inagery)p and symbolic (language)» In the 
following statement, Bruner explicitly recognizes the quantitative age 
differences hypothesis of retrieval processes; 
I shall call the three modes of representation 
enact!ve representation, iconic representation, arxi symbolic 
representation. Their appearance in the life of the child 
is in that order, each depending upon the previous one for 
its development, yet all of them re mining more or less 
intact throughout life — barring such early accidents as 
blindness or deafness or cortical injury (1964, p. 4), 
According to Bruner, the information processor — child, adolescent, 
adult — has a repertoire of various control processes (qualitative). 
Of concern to the developmentalist, however, is how often the processor 
employs the various control processes under varying environmental condi­
tions (quantitative). Thus, quantitative differences in memory processes 
between early and late childhood ^ s and childhood and early adolescent 
S^ s may be viewed as the progressive adaptation of the human information 
processor to its environment. The child learns to employ strategies of 
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retrieval based on organizational cues of stimulus properties» The 
memory control process adaptation approach is implicit in Piaget's 
(1968) organism - environment interaction model: 
It is customary to represent memory as a system of 
coding and decoding, which naturally assumes the intervention 
of a codec But, curiously enough, this code itself has 
been studied very little, as if it were taken for granted 
that the code stays the same throughout development» 
the most likely hypothesis is that the memory 
code itself depends on the subject's operations, and 
that therefore this code is modified during development, 
and depends at any given moment on the subject's 
operational level (pp. 1, 2)» 
The present interpretation of quantitative changes in mmoric 
control processes reflects the discussion of generic dependent variables 
provided previously. That is, qualitative change developmental models 
represent the labeling or generic dependent variable approach j associated 
characteristics or phynotypes are incorporated as referents of a given 
level of organ!smic adaptation to the environment. The quantitative 
change developmental approach investigates specific referents — control 
process manipulation — through periods of the life span» Ihe emphasis 
on quantitative change and development has been discussed previously by 
Flavell and Wohlwill (1969), These developmentalists provide a rationale 
for the two types of developmental change discussed above : qualitatively-
looking change and quantitatively-looking change» Qualitatively-looking 
changes are best illustrated by Bruner's modes of representation — 
enactive, iconic, symbolic — and Piaget's stages of cognitive development 
—' sensori-motor, preoperational, concrete operations, formal questions,. 
These modes and stages represent qualitatively-looking change within the 
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information processor; qualitative change defined by specific 
"behavioral referents» 
Quantitatively-looking changes refer to "changes in the operational 
efficiency, flexibility, mobility, and such like, of each of [the specific 
referents for generic dependent variables] during all or part of [the 
organism's] developmental life" (Flavell & Wohlwill, 1969, p« 78). 
If the developmentalist is concerned with specific referents of generic 
dependent variables, the important question is whether qualitative or 
quantitative changes occur in these specific referents as the organism 
develops. It is important to note that quantitative change in specific 
referents does not include possible changes in the interdependent 
relationship of such referents; e.g., Bruner's (1964) hypothesis of an 
"orchestration" of referents into an integrated system. More specifically, 
changes in the interdependent relationship of specific referents is the 
major criterion for progression through stages of cognitive development. 
The best known example of the change in referent interrelationships 
criterion is Piaget's cognitive - developmental stage approach. Piaget 
proposes five criteria for progression through stages of cognitive 
developments (a) hierarchization (fixed order of progression through 
levels constituting a developmental sequence); (b) integration (processes 
of a given stage Sg integrate those of the preceding stage S^ ; (c) con­
solidation (a given stage S2 must incorporate referents of the preceding 
stage and referents, or elementary forms of referents, of the successive 
stage S^ ; (d) structuring (organization or "orchestration" of cognitive 
processes at a given stage characteristic of a particular level of 
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functioning)! and (e) equilibration (not characteristic of any given 
stage, but plays a role similar to consolidation over the entire 
developmental series) (Pinard & Laurendeau, 1969)* It appears appropriate 
to discuss all of the above criteria in terms of the single criterion, 
changing interdependent referent relationships» Qualitative differences 
refer to changes in referent interrelationships; changes in specific 
referents are interpreted as due to quantitative change onlyo 
The strategy findings for Experiments 1, 2a, and 2b support the 
quantitative change in control processes hypothesis» It appears that 
the child, by age 7» has memoric control processes — search strategies — 
similar to those detected in adolescents» Children (especially 7 yr. 
olds), although indicating a repertoire of various optimal strategies 
for varying environmental conditions, have not learned the significance 
of manipulating control processes in relation to changing organizational 
cues. The fact that children do employ strategies similar to those of 
adolescents, albeit with a lower frequency, suggests that there are no 
qualitative differences in memoric control processes between children 
and adolescents. It was previously noted that attempts at understarïiing 
the development of cognitive abilities must emphasize developmental changes 
that occur in (a) what the individual deems important to attend to, 
(b) his ability to do so while excluding other stimuli, (c) his ability 
to produce and code information, and (d) his ability to take from memory 
and reproduce when the situation denands. The strategy findings suggest 
that for memoric control processes, developmental changes reflect 
quantitative, not qualitative, differences between children and adolescents* 
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Finally, the STS capacity limit and differential frequency of 
strategy employment findings suggest an interaction between memory structure 
and control process. The intrusion findings suggest that children's 
encoding of relevant information is less efficient than that of adolescents 
because of irrelevant information interference effects. The findings 
of relatively poor recall accuracy regardless of strategies employed 
and interference effects suggest that children (7 yr« olds to a greater 
extent than 10 yr, olds) have a more limited STS storage capacity than 
adolescents. The differential frequency of strategy' employment finding 
suggests quantitative change in control process utilization through 
childhood and early adolescence. The child's inability to effectively 
employ such organizational aids as dichotic presentation, memonic 
structure, and slow presentation rate (reflecting undeveloped control 
processes) may be due to a relatively restricted storage limit for 
relevant information. Optimal strategy employment and resultant recall 
accuracy under varying environmental conditions increased through child­
hood and early adolescence. Quantitative changes in mnemonic control 
processes observed in the present study might be interpreted as the 
result of capacity limits and learning (strategy manipulation over 
changing organizational cue conditions). This conclusion suggests not 
only a general restriction on effective human information processing 
capacity, but also ontogenetic limits as well* 
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APPENDIX A: NOUN LISTS EMPLOYED 
IN EXPERIMENTS 2A AND 2B 
l~sec. presentation 
DICHOnC 
ASSOCIATED WOMAN LADY 
NOUNS CHAIR SEAT . , 
STOMACH BODY 
JOY PUN 
TABLE DESK 
COTTAGE CABIN . . 
SHEEP LA m \ / 
BATH SOAP 
BUTTER CREAM (3) 
NEEDLE THREAD 
OCEAN WATER 
BREAD FOOD 
DREAM NIGHT 
DOCTOR NURSE (4) 
HAIiMBR NAIL 
BLUE SKY 
SERIAL 
(MONAURAL) 
ANGER 
mad 
THIEF 
ROBBER (1) 
SICKNESS 
ILL 
CABBAGE 
LETTUCE 
STREET 
road 
FOOT 
LEG (2 ) 
memory 
MIND 
HOUSE 
HOME 
MUTTON 
MEAT 
PRIEST 
MTNISTBRO) 
LIGHT 
dark 
window 
GLASS 
3-seCo presentation 
DICHOTIG 
TOBACCO SMOKE 
CARPET RUG 
MOUNTAIN HILL 
FRUIT APPLE 
SQUARE CIRCLE 
EAGLE BIRD 
HEAD HAIR 
BLOSSOM SPRING 
KING QUEEN 
MN TALL 
MUSIC SONG 
SPIDER BUG 
HAND ARM 
RELIGION FAITH 
STEM FLOWER 
BED SLEEP 
SERIAL 
(MONAURAL) 
WHITE 
BLACK 
(1) SCISSORS 
PAPER 
RED 
BLOOD 
JUSTICE 
LAW 
(2)  
(3) 
(4) 
CITIZEN 
AMERICA 
BIBLE 
BOOK 
LION 
TIGER 
EARTH 
GROUND 
YELLOW 
COLOR 
CITY 
TOWir 
CHILD 
KID 
SOLDIER 
ARMY 
(1) 
(2)  
(3) 
o 
l-sec. presentation 3-sec. presentation 
ASSOCIATED 
NOUNS 
SERIAL SERIAL 
DIGHOTIC (MONAURAL) DIGHOTIC (MONAURAL) 
RIVER 
LAKE 
WHISKEY 
B E E R  . .  
CHEESE 
MOUSE 
SALT 
PEPPER 
MOON 
SUN 
STOVE 
OVEN (u) 
GREEN 
GRASS 
BABY 
MOTHER 
1-sec, presentation 
dichonc 
serial 
(monaural) 
unassogiated 
nouns 
woman black 
chair paper 
stomach blood 
joy law 
table america 
cottage book 
sheep tiger 
bath ground 
butter color 
needle town 
ocean kid 
bread army 
dream sun 
doctor oven 
hammer grass 
blue sky 
(1) 
( 2 )  
( 3 )  
( 4 )  
anger 
smoke 
thief 
RUG (1) 
sickness^ '  
hill  
cabbage 
apple 
street 
circle 
foot 
bird 
memory 
hair 
house 
spring 
mutton 
queen 
priest 
tall  
l ight 
song 
WINDOW 
bug 
( 2 )  
( 3 )  
3-seG. presentation 
dichotic 
serial 
(monaural) 
tobacco mad white 
carpet robber (1) lady 
mountain i l l  scissors 
fruit lettuce seat 
red 
square road body 
eagle leg (2) justice 
head MIM) fun 
BLOSSOM HOME 
citizen 
king meat desk 
man minister ( 3 )  bible 
music dark cabin 
spider glass l ion 
lamb 
hand lake earth 
religion beer ( 4 )  soap 
stem mouse 
bed sleep yellow 
cream 
city 
thread 
child 
WATER 
SOLDIER 
food 
(1)  
( 2 )  
( 3 )  
1-sec, presentation 3-sec« presentation 
SERIAL SERIAL 
dighotic (monaural) dighotic (monaural) 
UNASSOGIATED 
NOUNS RIVER 
A I M  
WHISKEY 
FAITH 
CHEESE 
FLOWER 
SALT 
SLEEP 
(4) 
MOON 
NIGHT 
STOVE 
NURSE 
GREEN 
NAIL 
BABY 
SKY 
( 4 )  
15^ 
APPENDIX B: AGE MEAN COMPARISONS WITHIN 
DIGIT CONDITIONS; HALF-SPANS 1 AND 2 
155 
Age mean comparisons within digits per ear conditions; 1st half-span 
Digits 
per ear Age 
2.3375 2.6250 2.7000 2.7125 
7 2.3375 .2875 .3625** .3750** 
10 2.6250 .0750 .0875 
14 2,7000 0OI25 
17 2,7125 
4 2.5375 3.0375 3.2875 3.1375 
7 2.5375 .5000* .7500* .6000* 
10 3.0375 .2500 .1000 
14 3.2875 
17 3.1375 .1500 
5 2.7350 3.4875 3.8000 3.5500 
7 2.7350 .7525* 1.0650* .8150* 
10 3.4875 .3125 .0625 
14 3.8000 
17 3.5500 .2500 
*p < .01. 
**p < .05. 
156 
Digits per ear condition mean comparisons within ages; 1st half-span 
Digits 
Age per ear 
7 2.3375 2.5375 2.7375 
3 2.3375 .4000** 
4 2.5375 .2000 .2000 
5 2.7375 
10 2.6250 3.0375 3.4875 
3 2.6250 .4125* .8625* 
4 3.0375 .4500 
5 3.4875 
14 2.7000 3.2875 3.8000 
3 2.7000 .5875* 1.1000* 
4 3.2875 .5125 
5 3.8000 
17 2.7125 3.1375 3.5500 
3 2.7125 .4250* .8375% 
4 3=1375 .4125 
5 3.5500 
*p < .01. 
**P < .05. 
157 
Age mean comparisons within digits per ear conditions; 2nd half-span 
Digits 
per ear Age 
7 
10 
14 
17 
7 
10 
14 
17 
7 
10 
14 
17 
1.6125 
2.3125 
2.4750 
2.5125 
2.0375 
2.4750 
2.3875 
2.6750 
2.3000 
2.5250 
2.5625 
2.7250 
1.6125 2.3125 
.7000* 
2.0375 2,4750 
.4375* 
.0875 
2.3000 2.5250 
.2250 
2.4750 
.8625* 
.1625 
2.3875 
.3500 
2.5625 
.2625 
.0375 
2.5125 
.9000* 
.2000 
.0375 
2.6750 
.6375* 
.2000 
.2875 
2.7250 
.4250 
.2000 
.1625 
** 
*p < .01. 
**p < .05. 
158 
Digits per ear condition mean comparisons within ages; 2nd half-span 
Digits 
Age per ear 
7 1.6125 2.0375 2,3000 
3 1.6125 .4250** .6875* 
2.0375 .2625 
5 2.3000 
10 2.3125 2,4750 2.5250 
3 2,3125 .1625 .2125 
^ 2.4750 .0500 
5 2.^ 50 
14 2.4750 2.3875 2,5625 
3 2.4750 ,0875 
4 2.3875 .0875 .1750 
5 2.5625 
17 2.5125 2.6750 2,7250 
3 2.5125 .1625 ,2125 
4 2.6750 ,0500 
5 2.7250 
*p < ,01„ 
**P < .05. 
-f 
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appendix g: strategy DATA for digits 
Toblo .  ComporlBon of accuracy «nd order of report with number» prOBontod al the rale or 1 pr /  1/2 e«tc. 
Fruduencv correct Frttiuoncv correct 
Grounu 
7 yr. malo 
7 yr. female 
10 yr. innle 
ID yr. {omali-
14 yr. inulu 
U yr. fgmnlu 
17 yr. mule 
17 yr, femnle 
7 yr. mil III 
7 yr. lonmlo 
II) yr. mull! 
10 yr. ft-mttle 
H yr. mtilo 
M yr. fcmnlc 
17 yr. male 
17 y r. fumnlo 
7 yr. mail-
7 yr. (rmulc 
lOyr. iiiiiU-
III yr. ffliimlo 
Myr. mull' 
N yr. (I'miilc 
17 yr. mulii 
17 yr. itimwl"' 
7 yr. Ii 'inuli '  
Utyi-. mull-
Hiyi'. fi'iiMli' 
14 yr. imilc 
14 yr. fomiiln 
17 yr. mull) 
17 yr. (itmulu 
7 yr. mull' 
7 yr. Ii-mnlc 
inyr. mille 
10 yr. female 
I I yr. mule 
H yr. fumalo 
17 yr. (rmiilf 
7 yr. malo 
"yr. fumiitf 
10 yr. m:ilc 
II)yr. frmnle 
14 yr. mull-
M yr. female 
n yr. mule 
17 yr. tomak 
7 yr, mille 
7 yr. lemale 
10 yr. mile 
10 yr. female 
14 yr. male 
14 yr. femnli' 
17 yr. fem.iU' 
Temporal forwmrJ 
MtBci'Ilanouus 
I. till 1.00 1.00 .70 160 
1.00 1.00 1.00 
1.0(1 I.I») 1.1)1 
Frequency correct 
7 yr. male 
7 yr. female 
10 yr. mnlo 
lOyr. Icmuk' 
14 yr. mull' 
H yr. lumale 
17 yr. m:ilo 
17 yr. femiiif 
7 yr. male 
7 yr. femulu 
10 yr. mall-
10 yr. [fmrile 
Myr. malo 
M yr. fuiiali-
17 yr. niHlo 
17 yr. femuli 
Knr forward 
1.00 .H6 .43 
1.00 .93 .71 
1.00 .flS ' .69 
1.00 1.00 
.00 .00 I.on 
1.00 
.75 
.03 .50 l.C 
1.00 
Temporal forward 
.50 1.00 1.01 
1.00 .H5 7yr. .25 
7yr. lemnle ,63 
1.00 1.00 1 10 vr. .50 
female 
i'Z ''s ' llyr 
n yr 
17 yr loiniile 
M yr. 
7yr. 
1(1 yr. 
lUyr. 
ityr. 
14 yr. 
17 yr. 
7yr. 
7yr. 
10 yr. 
17 yr. 
7>r. 
7yr. 
10 yr. 
10 yr. 
flMII' l  lo 
Ifiimli" 
niiili-
T< 
fi-mule 
lifmalo 
lomnle 
female 
female 
female 
female 
Teiujwrol backwwnl 
Miscellaneous 
female 
fcmiilu 
lemale 
.50 1.00 l.Ol 
1.00 1.00 
1.00 .«0 
1.00 1.00 
Frequency correct 
7 yr. male 
7 yr. le mal" 
11) yr. mule 
lu yr. li'inalu 
M yr. miilf 
14 yr. fi-miilu 
17 yr. iiiiiln 
17 yr. female 
.31) l.Ol) 1.01) 1.0(1 1.00 .;i-J 1.00 . 'J2 
.  Icinnle 
'. lemiU-
femnlc .1.1 .HO l.uii l.Ol) 
K.ir backward 
7 yr. mule ".00' 
7 yr. lemnle 7 yr. female 
10 yr, male 10 yr. male 
lOyr, female 10 yr. female 
14 yr. male 14 yr. mile 
14 yr. female 14 yr. female 
17 yr. malo 17 yr. male 1.00 
17 yr. female 
Tomjxirul foru'anl 
17 yr. female 
Temporal fanvard 
.00 1.00 
7 yr. male 7yr. m.ile .50 
7 yr. female 7 yr. female 
10 yr. male 10 yr. male 
10 yr. female IDyr. female 
14 yr. male 14 yr. male 
14 yr. female 14 yr. female 
17 yr. malo 17 yr. male 
17 yr. female 17 yr. female 
7 yr. mule 
7 yr, female 
10 yr, m.ile 
lOyr. femftle 
14 yr. main 
14 yr. female 
17 yr. male 
17 yr. female 
7 yr. mule 
7 yr. female 
If) yr. malo 
10 y r. female 
14 yr, mall) 
14 yr. female 
17 yr. mnlo 
17 yr. female 
7 yr. m*lf 
7 yr. female 
10 yr. male 
lU yr. fem»le 
14 yr. main 
14 yr. female 
17 yr. mmlf 
17 yr. female 
7 yr. male 
7 yr. female 
10 yr. male 
10 yr. female 
14 yr. male 
14 yr. femnlo 
17 yr. mate 
17 yr. female 
Temporal bac'K\*anl 
.50 J.00 l.0( 
.10 ,75 .75 
.50 1.00 1.00 
7 yr. male 
7 yr. femaic 
10 yr. mall' 
1" yr. fenuie 
H yr. male 
14 yr. female 
17 yr. niale 
Temporal backwnril 
.00 1.00 1.00 1.00 
.40 .94 .C.Sl 
1.00 1,00 
1.00 1.00 
17 yr. 
Temitoriil • ear 
^'Z 
7 yr. 
7 yr. teiualr 
(einife .50 
.83 .17 ,yi 
M yi. female .50 .50 .70 
17 yi. .IH .57 .71 .71 .SS 
17 yr. leninli '  
Kar • lempurnl 
,jr> .70 .5H .50 .50 
.7(1 7>r. .0:1 .00 1.00 .00 
li 'iiiale .1" .50 
.13 60 
.117 <em:i le .  W .33 .75 .53 
11 yr. 1.00 .33 .33 .67 .27 
1.00 1. (10 14 yr. female 1.00 .14 .57 .71 .86 .54 
.W .11:1 1.00 .10 .75 ,25 .15 .50 .75 .03 
17 yr. female .10 .25 .25 .20 
.57 .MO MldcellnnoouB 
l.UO 7 yr. .50 .50 .75 .90 .35 .50 .60 .65 .57 
.H3 7 yr. rcmale • 73 .21 .53 .73 .CO .33 .53 .50 
.03 .77 .08 ,53 .63 ,84 .7» .26 .42 .58 .53 .95 
.75 female .50 .05 .90 .45 .60 ,55 .61 
,«3 .50 .40 .69 .dl .44 .56 .63 .69 .66 
1.00 .Q-J .63 14 yr. female .53 .76 .91 .57 ,71 .67 .57 .56 .66 
.92 .88 .75 .50 .75 .GO .65 .55 .50 .40 .52 .61 
.63 .69 .95 .58 .53 .55 .65 
l6l 
APPENDIX Di STRATEGY DATA FOR NOUNS 
' l 'ulilo li!. ( 'iinip«rl*nn iif iii-i 'iifuny iitiil uriUir ii( nnx'fl ulili nunocliiltul wiirili» prvioiiliiil ml Ihu rul«i ni l l 'f /  l »iï Tablu .CiimparlBOn of accuracy and order of roporl wllh asuoclaled word* pr«8«nl«d •« Ih* rule w( I pr /  3 aee. 
t-'ruoueiicv curnict Froquancv correct 
Kiir liM-Kiird 
7 yr. tiialo 7 yr. fomalu if) yr. mille 10 yr. fcmiilo 
H yr. mile 
U yr. fcmHif 
17 yr. niuie 17 yr. f«tn.ilf 
Kar bjickwucd 
7 yr. mille 7 yr. femjilc 
HI yr. in;iU-
If) yr. ttii'Jilf 14 yr. mall-
N jT. Irmulf 
17 yr. mule 17 yr. foinalt! 
Tfmiwriil forward 
7 yr. mille 
1 yr. Itiniiilf 11» yr. mull-
Ill yr. Ivmulo 11 yr. mall-
U vr. Icni ill-17 yr. mall-
17 yr. fuiTiiili' 
Ti-in|tiir;il luck^anl 
7 yr. mule 
7yr. femul'.-
H) yr. male feniulc 
femiile 1.00 
17 yr. 
Temporal • ear l.«0 
7yr, 7yr. female 
lOyr. 
tnvr, .50 
17 yr. fuinale 
hUir '  It'mfwMJ urn ,1.0 .<10 
.S'i 
7yr. 
7yr. (••mule 
H)yr. lemiili' 
fi'iiiliU' 
17 yr. 
7 VT. 7 yr. 
Ic'inn It' 
MlNCi'llaiifiiiih 
ll'ltl nil- •1" "i 
1,011 
.71 
,117 
Ininak-
17yr. fi'iimli-
: 162 
CrouDS Order 
liLSâL 
J 
Ear forward 
7 yr. main 
7 yr. ffttnaio 
.75 10 yr. male 
10 yr. femalo 
MjT. male 
14 yr. fumiilo 
17 yr. male 
17 yr. female 
Ear backward 
7 yr. female 
10 yr. mîïlo 
10 yr. femali-
14 yr. mnlc 
14 yr. lomalu 
17 yr. male 
17 yr. female 
Temporal forward 
7 yr. male 
7 yr. female 
10 yr. male 
10 yr. female 
14 yr, male 
M yr. female .G'J 
.«•I 17 yr. male .H2 
17 yr. female 
Temt>oral backward 
7 yr. niaU-
7 yr. Ii-male 
10 yr. male 
10 yr. female 
M yr. male 
14 yr. female 
17 yr. male 
17 yr. female 1.110 
Temporal » ear 
1.00 
? yr. female .fi7 
III yr. male 
10 yr. female 
W yr. male 
14 yr. female 
17 yr. male 
17 yr. female 
Ear • ti-mporal 
7 yr. male 
7 yr. female 
10 yr. mule 
10 yr. female 
14 yr. male 
14 yr. lemalo 
17 yr. mule 
17 yr. female 
Mitt edit ni'ous 
7 yr. mule 
7 > r, fenmlfi 1,00 I.OU 
10 vr. male 
10 yr. lomale 
14 yr. mule 1.00 
14 yr. female 1.00 
17 yr. male 1.00 
17 yr. female 
Tiitili- .  L'umiHris.iii ti{ utcunicy and urck-r uf rc|«'i 'l « llii un.is*i<ci:ilr<l wiucl* ini'sruli il ;il Ifi '- i  lUc nf I pr / I SfC. 
_____ h'R'micnov currcct L«-at 
nrimoa t)r<Jfl I rt 'i. 1 - 4 
Knr fiirvurd 
7 yr. m lie 
7 yr. lemrtle 
10 yr. male 
lOyr. fem;ile 
14 yr. female 
17 yr. mile 
17 yr. lemale 
Kar iMckwjvd 
7 vr. lem.ile 
10 yr. male .71 
l i iyr. lenuile 
14 yr. male .15 
I I yr. female 
17 yr. mall- 1. oil .r.ii 
r, 'in|K:ral Inmii 
7 yr. mall-
10 vr. teiniiU' .r.o 
M yr. Ii-m.ili-
17 vr. li nt III' ,o:i i.mi , IMI .011 1.00 l.iHi •I'" 1.1.0 
l<-iii |iiiial luii 'ktui.iil 
,l'0  
\i»yr. miiie 
11» yr. fi'Oi lie 
II yr. mall-
H yr. Icmulv 
17 yr. mile 
17 yr. female 
1Vni|K>ral • i-ai 
7 yr. female 
10 yr. male 
10 yr. lemale 
H yr. male 
H yr. female 
17 yr. male 
17 yr. femule 
Ear • tent|¥)ral 
7 yr. male 
7 yr. female 
lOyr. male 
10 yr. female 
14 yr. m.ilf 
14 yr. female 
17 yr. m,ile 
17 yr. female 
Mlscellaneuuii 
7 yr. male 1.00 
7 yr. female 
10 y r. male 1.00 
II» yr, female .7r> 
U yr. lemale 
17 yr. mali-
17 yr. fem.ile 
(Comparison of accumcy and ..nier of report with urvissDClnti'd >^orils prcsenU-d al the ml* ol I pr '  y hoc. 
Frwuciu'v cnrrfcC 
lal 0:1 r Endear 
Groupa Ordor Fwi. 1 2 J •* I  ! i 2— 
Eftr forward 
7 yr. male 1.00 .00 .1)0 .25 .00 .. '>0 
7 yr. female 1.00 .00 .50 .00 .00 
10 yr. male 1.00 
10 yr. female 
14 yr. male 
14 yr. female 
17 yr. male 
17 yr. female 
Kar twckward 
7 yr. male 
7 yr. female 
10 yr. male 
10 yr. female .44 
14 yr. male 
14 yr. female 
17 yr. male 
17 yr. female .75 
Temporal forward 
7 yr. male 
7 yr. female .00 
.75 10 yr. male .33 .1:7 .75 
10 yr. female 
14 yr. mule l.Oi) .75 
U yr, fonmie . l . - i  ,so 
17 yr. mull' .75 
17 yr. loiiiiile .IH ,r.i .s« 
reoi|H>ral luiekwaril 
7 yr. male .51 
7 yr, female 
10 yr. mall! 
10 yr. female 
M yr. male 
14 yr, female .al .35 
17 yr. male .8H 
17 yr. female 1,00 .75 
Temporal • car 
7 yr. male .75 
7 yr. female .00 .50 .50 .33 .no 
10 yr, male .1:4 ,47 .GO .59 .82 .5ft 
10 yr. female .*17 .67 .71 .67 .83 .07 
H yr. male ,04 .61 
14 yr. female .38 .53 .75 
17 yr, male .50 .44 .5K .67 
17 yr. female .09 . f !9  
Ear • temporal 
7 yr. male .33 .33 
7 yr. female .70 .10 .70 .45 
10 yr. male .33 .33 .00 .46 
10 yr. female .80 .40 .40 .58 
14 yr. male .50 .63 
U yr. female .OS .50 
17 yr. male .u .60 .SO .00 
17 yr, female .05 1.00 .88 
7 yr. male .03 .110 .75 
7 yr. female .50 .80 
10 yr, male .05 .50 .H8 .00 .50 .69 
10 yr. female ,05 .50 .50 .SO ,50 .50 .50 .50 
14 yr, m»l« .10 .25 .75 .75 t.OO .75 
14 yr. female .67 .87 .71 
17 yr, male .67 .67 
17 yr. female 1.00 
